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Cnasa 1

JINHEMHAS AJITEBPA

1. JIuneiiHag 3aBUCUMOCTH BEKTOPOB. I

1

Haitru JinneiiHoe BbipaykeHue BeKTOpa 2z = (‘i) 4epe3 BEeKTOPbl & =

~1
{ |
=\ 2/ 0Y=1 1)
1 2
Pentenne. IlpejcraBum z B Bujie JIMHERHONE KOMOMHALIMK BEKTOPOB & U Y

c Kodppuimenramu A, p: z = Ax + py. B nokomiionenTHo 3anucu:

A+ p
A —
2\ + p
A+ 2p

L,
_]_,

4,
—1.

U3 s1oit cucrembl Haxojum A = 3, pu = —2. Fckomoe Bbipakenue: z = 3x —2y.

2. Jluneitnas 3aBuUCUMOCTh BeKTOPOB. 11
UccnenoBath BOIIPOC 0 JIMHENHON’ 3aBUCUMOCTU BEKTOPOB
1 1 1
— [ -1 _ [ -1 _ | -1
1 2 -1
Pemenne. CocraBum jimHeiiHy10 KOMOMHAIMIO BEKTOPOB U IIpUpaBHAEM eé

HyJ110: Ax + puy + vz = 0. B nokomionenTHo#t 3amucu:

A+ p+ v =0,
“A—pu — v =0,
2\ + p +4v =0,
A+2u— v =0.
OTa cucreMa UMeeT HeHyJieBoe pemenue A =3, u = —2, v = —1. [losro-

MYy CHCTEeMa BEKTOPOB &, Y, 2 JUHENHO 3aBUCHUM a, IPUIEM 3T — 2Y—

—z =0.

3. Panr cucrembl BEKTOpPOB. I

1 1 1
Haittu paHr cucrembl BEKTOPOB & = (‘%), Yy = (‘%), z = (‘i) u
1 2 -1

BbIJICJINTDH B Hell Bce MaKCUMANOHBLE AUHETIHO HE3ABUCUMDBLE TLOOCUCTEMbL BEK-

TOPOB.

Pentenne. Paciosioxkum KOOp/MHATHI BEKTOPOB 110 CTOJIOIAM M a T P U -
111

ol cucreMbl BekTopoB A = | 2717} ) u naiiném eé panr. s

I p = % % zi Al paHr. /J1

3



4 L. INHENHAS AJITEBPA

9TOI'0, HAIIPUMED, C IIOMOIIBIO 3JIeMEHTaPHBIX IIpeodpa30BaHmii CTPOK IPUBEIEM

MaTpUIy K CTYIIEHYATOMY BUJLY:

11 1\ miar /1 1 1\ a1 o1 1
1 -1 -1\ wa [0 0o o)™ 0 -1 2
2 1 4 ~ 0 —1 2 ~ 0 0 0
1 2 -1 0 1 -2 0 0 0

B crynenuarom Bujie 1peodOpa30oBaHHON MaTpUIlbl OCTAJUCH JIBE HEHYJIEBbIE
crpokn, modromy Rang A = 2. CnemoBarebHO, paHI CHCTEMBI BEKTOPOB
T, Y, z TakKKe paBeH JIByM, IIPUYCM KarKJas Mapa 3TUX BEKTOPOB COCTABJISAET
MaKCUMaJIbHYIO JIMHEHHO HE3aBUCUMYIO 1IOJICUCTEMY, TaK KaK Ha KaxK/Oi nape

BEKTOPOB noJtyuaeM nenyJsesbie munopbl | § 4|, |8 3|, |4 3|

4. Panr cucreMmbl BeKTOpOB. 11

1 1 1 1 1
B cucreme BeKTOpOB v = (1), w = (2), Tr = (0), Y= (3), z = (—1)
1 3 1 3 1

BBIJICJTUTD KaKyIO-JTHOO0 MaKCHUMAJbHYIO JTUHEHHO He3aBUCUMYIO MOJICUCTEMY U
yepes Heé BbIpa3uTh OCTaJbHbIE BEKTOPbI CUCTEMbI.
1111 1
Pemenue. Marpuna cucrembr BekTopoB A = L % 0 g—ll UMeeT PaHT,
paBHbIil TpéM (TTpoBepUTH!), TPUIEM B OA3UCHBIN MUHOD BXOJAT KOODUHATHI,
HaIlpUMeEpP, BEKTOPOB ¥, W, . depe3 MaKCUMAJbHYIO JUHEHHO HE3aBUCUMYTO
HOJICUCTEMY {'v, w, zc} BBIPA3UM BEKTOPHI Y, Z TaK Ke, Kak B 3aja4e 1. 3arm-

1IeM BEKTOPHOE PaBEHCTBO Y = AV + pw + v, OTKyjia

A+ p +v=1,
A+ 2u =3,
A+3p+v =3
Pemenne cucrembr: A =1, p =1, v = —1. [losromy y = v + w — . Anaso-

IMYIHO HailjéM 2 = —v + 2x.

5. CymmMma u 1mepecedeHue MOANPOCTPAHCTB

Haiitu  Gasucer  cymMmMbl U mepecedeHuss — mOAIpocTpaHeTt L, =
=(z, =z, z,) u L,=(y,y,,v,), ccmmx =

1
)7 $2:(_1>, r, =
~1
B B 3 B
— ]_ 7y1: —]_ 7y2: 0 7y3: ]_ °
-1 1 0 1

Pemenne. Boruucius panr marpuipl X cucrembl Bekropos {x,, @,, &, }:

L1
X = 1-1 1 J>
1-1-1

Uy y—Y



5. CYMMA U ITIEPECEYEHUE ITOAIIPOCTPAHCTB 5

noxyuum Rang X' = 3, Te. dim L, = 3, u BekTOpBI T, T,, T, 0O6pa3yoT

0 a3uc nogupocrpancrsa L, .
Anajiornuno, dim L, = 3; sekropnl Y, ¥Y,, Yy, oOpasyior Oasuc
nojipocTpatcTsa L, .
Haiiném 6a3uc cymMbl nognpoctpancts L, + L,. [Ins Bcex MMEonuxcs BeK-
TOPOB T, T,, Ty, Y, Y,, Y, UCCIIEJLyeM BOLPOC O JIMHEHHON 3aBUCUMOCTHU. Panr
11 1 1 2 3

MaTpUIllbl U3 KOOPJMUHAT BCEX LIECTU BEKTOPOB %_11 _% j _8 _11 paBeH 4de-

1-1-1 1 0 1
THIPEM, U OJIMH U3 €€ DA3UCHBIX MUHOPOB OXBATHIBAET KOOP/MHATHI BEKTOPOB

T, T, T,y . CrejosareibHo, 9TU BEKTOPbl COCTABIAIT 0a3UC CyMMbI 110/I-
npocrpaucts L, + L,, u dim(L, + L,) = 4.

Haiiném O6asuc nepecedennsa noanpocrpancts L, N L,. Cormacro dopmyie
['paccmana

dim(L, + L,) = dim L, + dim L, — dim(L, N L,)

2 = N——

=3 =3

—

4

nmeem dim(L, N L,) = 2, r.e. 6asuc nepecevdennsi COCTOUT U3 JIBYX BEKTOPOB
(Bupouem, 3TO aBTOMATUYECKN MOJIyIUTCs HpH pacdérax). [lockosbky BekTOp
Z, IpUHAJJIEKAIIN{T [IepecedeHnio ABYX HoupocTpancTs L, N L,, 1o onpejese-
HUIO [IPUHA/JICKUT KaXK/JIOMy M3 HUX, €r0 MOXKHO Pa3jioxKuTh 1 110 Gaszucy L,

u 1o daszucy L,:
z=oz, + o, + oz, =0y + 6y, + 6y,

WJinx, I1ocJie IIOJCTaHOBKM KOOPJMHAT BEKTOPOB:

1 1

to, | 1) o, |

-1 _1

1 3 3 )
=6 | 1) +6 | o) +6 |
1 0 1

zZ=aq

(R Y —Y

Hepexo;l,ﬂ B 9TOM ypaBHEHHU K IIOKOMIIOHEHTHBIM paBEHCTBaM, IIOJIYIHUM OJIHO-

POJHYIO CUCTEMY YPaBHEHUN

ar +az +az = B1 + 262 + 303,
a;p +ay —ag =31 — 2B, — fs,
ap —ay +az = - + fs,
o — o —az = A + f3



6 I. INHEVHAST AJITEBPA

OTHOCUTEJIBHO v, o, o, U 3, B3,, B,. Eé obiuM pernenneM sABseTcsa BEKTOD

(e 5) 63

0 1
as Bo By 0 0\ _
Gl = | -6 | T 62 -1 + 63 -1 = Bzez + 6363
B B2 1 0
Bs Bs 0 1

C JIByMs TIIPOM3BOJIBHBIMU KOHCTanTtamu [3,, B,. IlojcraBisas koopauHaThl Bek-

)

TOPOB €,, e, B (1), nosyuaem, Kak U 0XKHJIAJI0CH, JIBA BEKTOPA

OO

1
21:$3:_y1+y2:(_11>, z2:w1+$3:—y1+y3:(

obpasytomue ojun u3 basucos L, N L,.

6. Matpuiia nepexoqa. I

[Iyctn {el, e,, 33} — 6azuc npocrpancrsa R3. IIpoBeputb, 4TO BEKTOPLI

x, = e, Toxe obpasytor 6azuc B R®, u majitu

r, —e +2e, x, =¢€, T,

1
KOODJIMHATBI BEKTOPa Y = e, + 2e, B HOBOM Dasuce.

Pemenue. Bekropn @, @,, @, MoryT obpasoBbiBarh basuc B R, ecin
OHM JINHEWHO He3aBUCUMBbI. MaTpuia cucteMbl BEKTOPOB ((;) g é) NMeeT paHr,
PaBHbIA TPEM, ITOITOMY BEKTOPbI &; JUHEHHO HE3aBUCUMbI U UX JEHCTBUTEbHO
MOXKHO IIPUHSATH B KadecTBe Dasuca.

Haiiiém KoopauHaThl BEKTOpa, Yy B Dasuce U3 @;, JJjisd Yero pasjioxKuM Y IIo

(8) = (4) v (§) + o (3)

HHUM:

N—=O
NO
OO
OO

[OJIy4aeM CUCTeMY

oy + as aq
Q2 s OTKY/la { Qa2
2041 ;

Qas

(I

[N

(I
—

Urak, y =, + ¢, — x,.
PaccmorpuMm apyroit cnoco0 HaxoXIeHHA KOODJIUHAT BEKTOpa Y B

bazuce u3 x;. Marpura mnepexoja OT ¢Taporo dasmuca {el, e,, 33} K HOBOMY Oa-
101
3ucy {zcl, x,, :cg} T = ((2) 1 8). Obpaliiasi 9Ty MaTPUILY U IIPUMEHsist (POPMYITy

1peodpas3oBaHus KOOP/IMHAT BEKTOPA IIPU IIePexo/ie K HOBOMY 0a3ucy, 101y YnM:

ey =1 (338 (1) =( 1),
-2 0 1 2 -1



8. MATPUITA OIIEPATOPA. I 7

7. Marpuna nepexona. 11

Bexsop & = (1) saan susee s fe,= (). e.= (1) e = (1)}
| )-e= (1)}

Haiitu ero koopaunarst B 6asuce € : {e; = ( ?) = (
Pemenue. Bektopy x B Oazuce € cOOTBETCTBYET CTOJI6€I_[ KoopanHaT X =

OO
S

1 . .
= (%), a B Oasuce ¢ — uckoMblil crobern X', KOTOpblil MOXKHO BBIYKCJIUTD 10
bopmysie X' = T71X. Cpasb 6asuchbix BeKTOpoB u3secta: € = 1, oTKy/a
. -1 __ n—1 I __
JUist 00paTHO MaTpuilbl nepexoya umeem 1+ = (') . s marpunpt € =

1 0-2 .
= ( 0 1 5)) (crosbrniamu eé sIBJISIOTCS KOOP/IMHATEI BEKTOPOB HOBOT'O Ha3uca.)

10
-1 1 2
obpaTHOil OyJileT MaTpuUIa (s’) = (_0 _({). Torna
-1 3 2
1-3-1
HOBBIE KOOPJIMHATHI BEKTOPA, &:
-1 3 2 1 4
X’:( 11 1) (1):( 3)
1-3-1 1 -3

HIApyroit cunocob pemenus. Beeém B paccMorpeHue cTaHJapT-

i come= (1), ()- (1)

[Tepexojy oT Oasuca € K 6a3UCy € COOTBETCTBYET MaTpuIla, rnepexojia 1, . =

-1 30 1
= ( - %) Ilockonbky X, = (%) = T-! X,, 10 B cranjgapriom Gazuce

croJsiber; KOOpuHaT BeKTopa & Oyjier:

-1 3 0 1 2
Xe=ToX= (1 11) (1) = (3).

[Iepexoy or Gasuca € K 6azucy € coorpercrByeT MaTpuia nepexoia Ty =

-1 0-2 10 2
:( 01 (1)>; obparmast K neit 1 :< 01 1) Torna B 6asuce € Koop/u-

—_
O W OO

——

e'—e

o= (LD (- ()

8. Martpuriia onteparopa. I

HaTbl BEKTOpa &:

B npocrpancrse L, ¢ 6aszucom {e,, e,} suneiinblii oneparop A nepesojur

BekTopbl @, = (1), @, = ({) coorercrsenno B Bekropsr b, = (2), b, = (3).

HaiiTu marpuny omeparopa A B sTOM Oasuce.

a3
oY

Aa, =b, Aa, = b, B MaTpUUHOM BH/JIE 3AIIUCHIBAIOTCH KaK

()= (DG =0

Pemenne. Ilycro A = ( ) — HMCKOMas MaTpHUIla olepaTopa. YCJIOBUd



8 I. INHEVHAST AJITEBPA

OTKY/Ia IIOJIy4aeM CUCTEMY

DN = = DN

perieHne KoTopoit ectb a = [ = 1,

A=(3-1)

= 2,6 = —1. Marpuna oneparopa

9. Martpmura omneparopa. 11

B basuce € = {t, J, k} Bbluuciaurh Marpuily oleparopa Il OpPTOIOHAJILHOI'O
IPOEIUPOBAHNsT BEKTOPOB 3-MEPHOI'O IMPOCTPAHCTBA Ha, TOIIPOCTPAHCTBO L —
JUHEHHYI0 000/I0UKY, HATIHYTYIO Ha BEKTOPHI @ = (j ), b= (—é)

Pemenwne. [lojipocrpancTBo L 1pejcrapiseT cobOil IJIOCKOCTh, KOTOPO
napaJiiesibHbl BeKTOpbl @, b. Haxourh MmaTpuily oneparopa B CTaHapTHOM Oa-
3UCE 110 Ol peJleJeHH o, T.e. JelCTBYs OlIepaTOPOM I na BEKTOpHL 2, 7, k
W 3aTeM pacKJa/ibiBasg X 00pa3bl O CTaHJapTHOMY Oasucy, — HeJérkas 3a/1a-
Ja, T.K. IJIOCKOCTb MPOEKIN He MapaJsiiebHa KaKoi-Jub0 U3 KOOPAMHATHBIX
mockocreit. [Ipejanpumem «00X0/(HOM MaHEBD» — CHAYAJIa, BHIYUCTUM MATPUILY
orieparopa B yjI00HOM, clielrabHO BbIOpaHHOM Oa3uce, a 3areM lepeBejieM eé
B TpebyeMblii Da3uc.

OueBHUIHO, UTO Ila =aullb= b, 110CKOJIbKY BEKTOpbI @, b mapaJiie/bHbI
IJIOCKOCTH TIPOEKIUI 1 poenupyiorcs Ha Heé 0e3 nckaxkenuit. B kagecTse Tpe-
THEr0 BEKTOPA, MPOEKIMsI KOTOPOIO TOXKE BIIOJHE OYEBHU/IHA, BHIOEPEM BEKTOPD

c HOpMaJau K miockoctu npoeknuit, Torna Ile = 0. Mox#ao B34TH

o
c=laxb]=|1 171 =—i+j+2k

A

Nrak, oueparopy Il coorsercrsyer B Oasuce € = {a, b, ¢} marpuna Il =

100
~ (41).
000

B dopmyite 1peodpa3oBaHus MaTPHITHI oIepaTopa !

5’:

= Tgi)gHaTa—)a’ U3BECTHA JieBasl 4acTh, a II, — nckomasi, 1109TOMy «BbIBEPHEM

bopmyny nansnankys: I, = 1., [T, TET_I)E. 3J1ech MaTpuIia, mepexoua 1y o =
-1 1-1
= ( -3 %) (koopimHaThl BeKTOPOB "y106HOrO" Haszmca 3amnucanbl MO CTOJO-
_ 8 4 2
aM MATPUIbI); OOPATUM Ty MATPHILY: Tg,is = —% (% 3 02) Taxum obpa-

30M, B CTaH/lapTHOM Dasuce

Lf(-1 1=1\ /100) /8 4 2
I.=—2( 1-3 1 010 3 3 0
6\_-1 2 2 000 1-1-2



11. OPTOTI'OHAJIN3AIINA 110 T'PAMY-IIMUITY 9
10. IIpousBemeHme orepaTopoB

Omneparop ® B Gazuce {a, = (‘?), a, = (_L)} umeer marpuuy (g ::1,)), a

oneparop W B Gasuce {b, = (%), b, = (2)} — marpuny (3 3).

HajiTu MaTpuily npoussegenus oneparopos ®W B Tom 6asuce, B KOTOPOM
3a/1aHbl KOOPJAMHATBI BCEX BEKTOPOB.

Pemenwe. Bgejiém Hekoropbie 0003HaueHUS .
1) Iycrs € = {e,, e,} — Tor 6asuc, B KoTOpoM HaJO Hajfitn Marpuily PV,
2) B Gasuce ¢, = {(73), (_5)} omeparopy @ coorsercrsyer marpuia Q. =
= (2-1);
—\5-3/)
) B Gasuce g, = {(_%), (72)} oueparopy ¥ coorsercrsyer marpuua V. =
= (1 3)

2 7/

Tpebyercs naiitu npoussejenune marpul] ...

w

I
Cornacno — sakomy — mpeoOpa3oBaHusA — MaTpulbl — omeparopa P, =

-1 _ / -1 .
125, 9.0 ., orkyja @ = T, @ T ", , npuiuém mMarpuua 1nepexojia

Ty, = (_? _%), a obpaTHasd K Heil T5:1_>5: (2 1). Torna
e =(23) 33) 3 H=0T1).

Ananoruuno, ¥, = T._,., W, T_ 1, rne marpuna nepexona Tp ., = (_‘; 0 ),

a obparuas T L _ = (8 2). Torja

E9—rE
Vo= (57) @ HE =131

(109 93)-

Wroro, ®. ¥, = (7771) (717 ~137) 34 20

11. Oproronanusanusa o I'pamy-IIImuary

1 1 1
OpTOHOPMHUPOBATH CUCTEMY BEKTOPOB &, = (é), x, = (g), T, = (§>
IIPY YCJIOBUH, 9TO CKaJIsipDHOE [IPOU3BEjIeHIe onpejiesieHo marpuiieit I'pama I' =

1-1 0 0
_ (-1 2-10
=\ 0-1 2-1)-
0 0-1 2
Pemenwe. /lannoit marpuie ['pama coorBeTcTByeT CKaJisipHOE ITPOU3BE/IE-
1 _ T _
H1E (CC, y) =X TY =2y, — 2y, — 2,y +22,y, — T,Yy — LY, + 22y, —
—T,Y, — T,Y, T 2£B4y4.
1
- " e — (1
[lepBbiii HOBDI BEKTOp Y, = @, = <8>.

1Ha;10 yMeTh IMOKa3aTh BBITIOJTHEHUE BCEX aKCUOM CKaJIAPHOTO MPOU3BEACHUA JIJId JaHHOT'O Bpra}KeHI/IH!



10 L. INHENHAS AJITEBPA

Bropoit HOBBIiT BeKTOD Yy, =z, + )\21y1, IpUYIEM

($2’y1) . .
Ay = — ) 1

_ —0-04+2:0-1-0-0—0-14+2-00 _ -1 1
(yl’ y1)

—0-1+2:0-0-0-0—-0-0+2-0-0 — 1 —

21

O =

1 1 2
Urak, y, = (?) + (%) = (%) JIerko npoBepuTh, 4TO 1PU yKA3aHHOM CIIO-
0 0 0

cobe onpe/jiesieHnst CKaJIsgpPHOIo POU3BEJIeHUs (y2, yl) = 0, T.e. Mbl Ha BEPHOM
Iy TH.

Tpernit nopblit BekTOp Y, = @, + A, Yy, + Ay, rie

Ao ww) 0 :_M:_gzo_

N (y1’ yl) - 1 . (yz’ y2)

1
OproronaJjibHbIi Oa3nc {yl, Y, y3} OJIY IEH.

1
Urak, y, = o, = (8) . TTposepka nokassisaer, aro (y,, y,) =0, (y,, y,) = 0.

Tenepb HOpMUpYEM Bce HOBbIE BEKTOPLL: €; = ¢t = 1,3. JImHbI BEKTOPOB:

ly;|’

y =/ (y,9)=1 lyl=1/(v,v,)=V2 lyl=1/(y, 9,) = V3

1 1
OpTOHOPMUPOBAHHBII Oa3nC: {(5) , % ( ) , % (8> }
1

0
12. Matpuiia conps>KEHHOIo oreparopa
1 0 0 . 2
B 6aszuce ¢’ {e’ = (1) , e = (1) , e = (0)} JUHERHbI omeparop A
1 1 2 1 3 1

100 . . ;
umeer marpuiy A = 210). Haiitu marpuiy A conpsizk€HHOTO orneparopa

2
1
1
0

A* B oTOoM Ke Gasuce, ecim BeKTOpbl €, €), e! sajanbl B Hekoropom OHB
€= {61: €, 63}'

Pemenne. [lockombky Koopmuarsl BeKTOpos e 3ajgannl B OHB, ckasmsap-
Hble TIpOU3BeJieHust (€;, €;) BBIUUCIISIOTC 1o npocteiimeit popmyite (x, y) =
=zy, +z,y, + ...+ 2.y, Marpuna I'pama

!/ !/ !/ !/ !/ !/
(e}, e}) (e}, e?) (e}, e?) 3
I' = (e%, e}) (e%, e%) (e%, e?) = | 2
(63’ e1) (63’ 62) (63’ 63) 1
1-1 0

obparnas K Heit ['~! = (—é 2 —21> (pasymeercsi, OHa TOXKE CUMMETPUUIHA).

MaTpuily conpszKEHHOro oeparopa BhMucauM 1o dopmyite A* = I1TATT.

— DN DO
—=

Uraxk,

v
N
[
[NGRJLlep)
[
DO b Ot
[
= =
v
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Hdpyroit cmoco6 pemenuns. MoXXHO cHavdaJa IepeBeCTH MaTPHILY OITe-
paropa A B OHB &, B KOTOpOM CONpsi2KeHne BBINOJIHACTCST OCOOEHHO JIET'KO:
A* = AT a 3areMm BepHyThcd B mMcxojublit 6asuc €. Marpuia nepexoia or

100 1 00
6asuca ¢ K Oazucy & T._ o = (110); obparnas K meit 15 = (—1 1 0).
111

el—e 0 -1 1
)(1 0 0)( 1 ) (1 0 0)
210 - = (1210
3 21 — 3 21

(caryqaiinbiM 06pa3oM MaTpPHIlA OCTaIaCh TAKOi ke, Kak B basuce ). Marpuiia

Torma

—OoOo
O =

—_—
oo

g'—e

10
A =T AT, = (% %

COLIPsizKEHHOT'O ollepaTopa B Dasuce €:

Bosspamaemcs B 6a3uc e’

1 00 12 3 100
T A* ,_<—110)(o12)(110
Tese 0-1 1 0 1

13. JIuneitnasa dopma

Ilycts B Gasuce € = {e,, e,, e, } nmuneiinaz dopwma f(x) BeIparkaercs qepes
KOOD/MHATHI T, T,, T, BekTropa & dopmynoii f(x) = z, + 2z, + 3z,. Kakoii

dbopmyJioit Bbipaxkaercst f(a) depes KoopjuHarhl & B Oasuce € U3 BEKTOPOB

I I I 9
e —e +e,e =e t+e,€e =e€ t+e,!

Pemenme. B 6azuce € crosiber; KosdpduipenTos jguHeiinoit popmbr  F =

s—u—\o

oit
1 , 101
=12) Matrpuna nepexojia ot basuca € Kk 6azucy € T, . = 110). B nosom

bazuce crosider, KoadpduinenTon

F’:TTF:((l) i ?) (%):(%)
1 01 3 4

a caMa juneiinas (opma samuceiBaerca Kak f(x) = 3z! + 5z! + 4.

14. Bununeithaa dpopma

Bummueiinas dopma A(x, y) = .y, + ©,y, + ¢,y, 3ajaHa B CTAHAPTHOM

Oasuce 3-MepHOro Hpocrpancrsa. Jamucarh eé B Oasuce € u3 BeKTOpoB €' =

=(§)-e=(3) == (1)

Pemienne. Marpurna mepexojia oT HCXOHOTO Oa3uca € U3 BEKTOPOB €, =

1 0 0 111
= (8),62 = (6)’63 = (9) K 6asucy ¢’ T. .. = (8(1)%).B6a3HCGSManI/IL[a
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. 010
ounmneinoit popmbr A = (?86 ) Torna B 6aszuce €'
100)/010)\ /111 01 1
A’:TTAT:(l 1 0) (0 0 1)(0 ] 1):(0 1 2).
111/)\100/\0oo01 123

Cama Ousmneiinast hopMa 3aIMChIBA€TCS B HOBOM Da3nce Kak

/
3"

Az, y) =2y + 2y, +xly. +2zly. +zly + 22y, + 3zy

15. KpuBas BTOpOro mopsijakKa

Ilocrpouts kBaapuKky 32 4+ 10zy + 3y? — 2z — 14y — 13 = 0.
Pemenne. Marpuua ksajparnunoii yacru 3z + 10zy + 3y? sroro ypas-
nenst A = (2 3).

XapaKTepuCcTHIecKoe ypaBHEHHE:
- 2
|[A—XE| = |35, | =X —-6A-16=0.

Xapakrepucruieckue qducia: A, = 8, A\, = —2; (HopMupoBaHHbBIE) COD-

0=(1). - (i)

Koop/iuHaTbl cOOCTBEHHBIX BEKTOPOB OIPEJIEJIAIOTCS, KaK M3BECTHO, C TOUYHO-

CTBEHHbIE BEKTOPDI:

CTBIO JIO IIOCTOSIHHOI'O MHOXKHTEJIsi. MbI BbIOMpaeM UX Tak, 9TOObI HOBBII Oa3uc
{e,, e, } nosnyuascs uz craporo {¢, J} ¢ HOMOIIBIO O JJHOT O JHUIIb 110BO-
pora (0e3 orpaxeHus ), yCJIOBUEM YEro siBJISIETCS PABEHCTBO OIPEJeJUTeIst
MAaTPHIIBI IEPEXO/Ia CUHUIE (CM. HUKE).

B 6azuce u3 coOCTBEHHBIX BEKTOPOB KBaJIpaTUIHAas (pOpMa IPUMET KAHOHN-
aeckuii Bug Az, ) = 8 (:L”)2—2 (y’)2 (IOCKOJIbKY 1TPU KBajipaTax [epeMeHHbIX
— KO3 PUIMEHTHI PA3HOIO 3HAKA, MOXKHO y2Ke YTBEPKJIaTh, YTO KBaPUKA, sB-
gsiercst TuIep 6 oo ii).

Matrpura mepexosia oT uexogHoro basuca € = {1, j} Kk HoBomy bGazucy ¢’ =
- {61: 62}

_ (v e _
Te—)a’—<1/\/§ 1/\/§>: deth—)a’—l-

[Tpupeém muneitnyio gacrb —2x — 14y xk nHoBomy Oasucy. Crosbern Kod-

unuenToB Jimneinoit popmbl

Fr=TF= (—11//£ i?ﬁ) (—_124) B (ii%)
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Nrak, B 6asuce u3 coOCTBEHHBIX BEKTOPOB KBaJIpaTHIHON (POpMBI KBaJpUKa

3alliCblBa€TCA B BUJIEC

2 2
8(z) —2(y) — %x'— %y'—13:0.

BruresmM MoJTHBINR KBaJpaT M0 KaxKI0i IepeMeHHO:

2 2 2 2
8 (') —%x—S('—%) 4, 2(y) - 2y = Z(y'—l—%) +o.
[Tocsie BBejieHs HOBLIX HepeMeHHbix /= z’ — %, y' =9y + % (aro coor-

BETCTBYET MAPAJIICTBHOMY TIEPEHOCY KOODJMHATHBIX OCeil) U mpeobpasoBaHuil

IIOJIYyYUTCH ypaBHEeHue

(z")’ (@/”)2_1
12 22

— KQHOHUYECKOe ypaBHEeHUe I'MIIepOoJibl, KOTOPYIO CTPOUM B CUCTEME KOOP/MHAT,

onpejessieMoit 6azncom u3 cobcrBeHHbIX BekTOpoB n Hadasom O'(2, —1) (cm

puc. [.1).

16. 3amanud 1o JUHENHOI ajredbpe

BAPUAHT 1
1. Ilokazarb, 4ro oneparop A, JeUCTBYIOMUN Ha HPOU3BOJILHLIN BEKTOP
T
T = (i%) CJIeJIYIOIIUM 00Pa30M: Az = a(a, a:), e a =11+ J + k, siBisiercs
nuHeitnbiM. Hafitu matpuisr oneparopa B 6asucax 6{’i, 7, k} u s’{i—l—k, 7, z}
2. Onepatop A poenupyer BeKTopsl miockoct Oy Ha ock Oy, a onepaTop
B 3epKajibHO OTpaskaer BEKTOPbI IWIOCKOCTH (Y OTHOCHTENBHO MPAMOIL

y = —x. Hajitu marpunpl oneparopos A+ B AB u BA 5 6asuce {i, g}

3. [unaronajmsoBarb MaTpuily onepaTo pa A iy 1okKasarb, 4TO 3TO HEBO3-
100 11
MOXKHO, ecai: a) A= 1 0-2 -13 0.
-11 3 00 3
4. IlpeobpaszoBarb K OPTOHOPMUPOBAHHOMN CJIEIYIONLYIO CUCTEMY BEKTOPOB:

) | 0
a’1: 1 7a’2: 1 70’3: 1 /-
1 0 1

5. B OHB {e,, e,} oneparopy A coorsercrayer marpuia A = (_L 2).
HaiiTu (Aw, y) 141 (w, Ay), ecqin ¢ =€, +e,, y=e +2e,.

3+3i —25i
(1+2§ Py Z) 3ajlaHa B basuce {261‘|‘

6. Marpuna ounmnneiinoit popmbr A =
+e,, e, + ez}, pUIEM {el, 62} — OHB. 9pmurosa ju marpuna A?
7. llpu kakux 3HadeHwsx nmapamerpa A kKBajparudnas dbopma A(x, ¢) =

=2 2 2 2
= ox; +x; + 3w, + 227+ 2 v v, —4x v, + 2T, T, NOJOKHUTEILHO ONpeeneHa’
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Y= —x/3 —-1/3

Puc. I.1. Tlocrpoenue KBaJpuku B IOBEPHYTOM U CMEIIEHHON crUCTEMEe KOOP-
quHaT ¢ neHTpoM B Touke O'. IITpUXOBBIME JTHHUSIMHI MOKA3AHBI ACHMIITOTHI
rurnepOoJIbl, YpaBHEHUS KOTOPBIX HOJIYYEHBbI CTAHIAPTHBIMU METOJaMH MaTe-

MaTHU4YECKOI'O aHaJIU3a.

8. IlocTponTh B ecrecTBEHHOM 0a3nce KBAJIPUKH:
a) %x2—|—\/§x —%y2—|—\/§x+y—3:0;
6) 52 + 8y? 4+ 522 + dxy — 8wz + dyz + 1821 — 18/2 2 — 405 = 0.

BAPUAHT 2

1. Ilokasarb, 4ro omeparop A, IpOCHUPYIOMKIl BEKTOPBI IPOCTPAHCTBA
Ha [PAMYIO T = Yy = %, JIMHEEH, W HAWTU MaTpHUllbl OllepaTopa B Dasucax
6{i, 7, k:} u 5’{2'13 —k, k, 'i—l—j}.

2. Oneparop A 10BOpAIUBAET BEKTOPDI IPOCTPAHCTBA HA YIOJI 5 BOKDYT
ocu Oz 110 1acoBOH crpesike, a oueparop B pacrsrusaer kasxpiii BekTop B 3
pasza. Haitru marpuiibl oniepaTopos A+ B, AB u BA 5 6asuce {i, 7, k}

3. Jlnarouans0BaTh MATPUILY oneparopa A WK MOKA3ATb, ITO 5TO HEBO3-

3-2 2 010
MOXKHO, ecin: a) A = (2—1 2); 0) A= (—1 2 0),
2 -2 3 00 1
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4. IIpeobpazoBaTh K OPTOHOPMUPOBAHHON CIIEIYIONLYIO0 CUCTEMY BEKTODOB:
1 1 1
1 0 0/

5. B OHb {31: 62} oneparopy A coorsercryer marpunia A = (1 1), Haiiru
(A:I:, y) u (:13, Ay), eciu T = e, +e,, y=e +2e,.

6. Marpuua Ouiuneitnoit dopmbr A = (1130 Z373) sajana B Gasuce
{261 +e, e + 62}, npuuém e, u e, oopasyor OHB. HAsisierca sm marpu-
ma A 3pMHUTOBOI?

7. llpn kakux smnadenmsx mapamerpa A Ksajaparudnas dopma A(x, x) =
= % + 2 + 227 + \e? + 2z, @, + 22,2, 10JI0KUTEILHO Onpejieena’

8. Ilocrpours B ecrecTBenHOM Dazuce KBaJIPUKH:

a) 222 +2xy +2y% +6v2x +3v2y = 0;
6) 1122 +2y* +522 +42y+20yz — 16 12 — 187 + 362 = 27.

BAPUAHT 3

A~

1. [Tokazars, aro oneparop A, jeicTBYIONMI Ha BEKTOPHI MPOCTPAHCTBA
A -1
cyieslyomumM obpaszom: Ax = [a X :1:], rjie a = ( %), JIMHEEH, U HalTu MaTpu-

bl omeparopa B basucax 6{i, 7, k} u 5’{j —k, —22, v+ k:}

2. Oueparop A 3epKajibHO OTpakaer BeKTopbl 110cKocTH £OY OTHOCHTE b-
Ho ocu Oy, a oueparop B upoeuupyer ux na upsimyo y = —v/3z. Haiitu
MaTPHIBI OIIEPATOPOB A+ B, AB u BA 5 6asuce {i, ]}

3. JIMArOHAIM30BATH MATPHUILY ONepaTopa A MM MOKasaTh, 4TO 9TO HEBO3-
MOXKHO, ecyin: a) A = (? ) %), 0) A= (§ %%).

-1 2 1
4. IlpeobpaszoBarb K OPTOHOPMUPOBAHHOMN CJIEIYIOULYIO CUCTEMY BEKTOPOB:

: | |
SO
1 0 1/
5. BOHB {e,, e, } oneparopy A coorsercrsyer marpuna A = (12). Haitru
(Aa:, y) 1 (a:, Ay), ecux =e, +e,,y=e, +2e,.

2461 —2—-10s
(1+4z’ —1—6i) 3ajlaHa B DOasuce

6. Marpuna Ounmneiinoit ¢gopmbr A
{2e, + e, e +e,}, npuuin e, u e, obpasyor OHB. dAsnserca i marpu-
a A 5pMuTOBOI?

7. Ilpu kakux 3HaueHusix napamerpa A Kpajparudnas Qopma A(x, x) =

@2 2., .2 2
= 6x7 + Az + o] + A\vd — 4z, x, + 2%, v, + 2\x, T, TONOKUTETHLHO ONpe/enena’
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8. IlocTpouTh B ecTecTBEHHOM Ga3KUce KBaJIPUKU:
a) —4z2 +2V8xy — 29y + 3z +V6y +3=0;
6) 22 —2y> + 422 +day+ 452+ 25y — 23,5 = 0.

BAPUAHT 4

~

1. HOKaSaTb, qTO oIIepaTop A, rZl;eI'/JICTByIOI_T_[I/II'/JI Ha BEKTOPLI IIPOCTPaHCTBa
—CU2+£L“3

xl ~
xr = (iz ) caejyromum obpazom: Ax = ( =3z, ), JIMHEECH, U HAWTU MaTPUILbI
3 2z, +w,

omeparopa B basucax 5{'13, 7, k:} u 5’{—i +7+k, —24, J}

2. Oneparop A 3epKabHO OTPAXKAET BEKTOPBI II0CKOCTH £y OTHOCHTE b-
HO UpsiMOil y = —2z, a oneparop B nosopauusaer ux BOKpyr HauaJa KOOD/U-
Hat Ha yros —g. Haliru marpuibl oneparopos A+ B, AB u BA s 6asuce
{i. 3}

3. Jlnaronaus0BaTh MATPUILY oneparopa A Win MOKA3aTh, UTO 5TO HEBO3-

011 0 4 4
MOXKHO, ecin: a) A = (—i 2 %), 6)A:( 02 2).

4. IlpeobpaszoBarb K OPTOHOPMUPOBAHHOMN CJIEIYIOULYIO CUCTEMY BEKTOPOB:

o= (). o= (1) == (1)
1 0 0/

5. BOHB {e,, e, } oneparopy A coorsercrayer marpuna A = (4 1). Haiiru
(Azc, y) 1 (cc, Ay), ecux =e, +e,,y=e, +2e,.

6. Marpuna Gumnneitnoit hopmer A = ( %y, |, ) 3azana B Gasuce {e,+
+e,, 62}, npuiéM e, u e, obpazyror OHDB. Dpmurosa sm marpuna A?

7. Ilpu kakux 3HaueHusix napamerpa A Kpajparudnas dopma A(x, x) =
= 32 + Aa? + 322 + Az? + 2A\z 2, + 22,2, 10/10XKUTEILHO OUpeesena’

8. [locTpouts B ecrecTBEHHOM Da3uce KBaJPUKU:
a) 222 + 262y — 3y% — 2Tz + 242y — 21,25 = 0;
6) 202+ 2> + 322 +day+ 2wz +2yz + 621 — 612y — 24 = 0.

BAPUAHT 5

1. ITokasaTb, uTo omeparop A, MeHCTBYIONMIl HA BEKTOPBI IPOCTPAHCTBA
T = (%) CJICJIYFOIIUM 00pa30M: Az = [a, X [:1; X b}], mea=1t+3,b=—k,
SIBJICTCSA JIMHEHHbIM, W HaiiTH MaTpHUIbl ollepaTopa B Oa3ucax 5{'13, 7, k:} u
s’{—j +k, v+ k, —i}.

2. Oneparop A POEHUPYET BEKTOPHI HPOCTPAHCTBA HA HPAMYIO % =y =z,
a oreparTop B JIeiCTBYeT Ha HUX CJIE/LYIOIIUM 00pa3oM: Bz = [—k X zc} . Haiitu

MaTPHIBI OIIEPATOPOB A+ B, AB u BA 5 6asuce {i, 7, k:}
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3. JlnaronasiuzoBarb MaTpuily onepaTop a A 110Ka3aTh, YTO 3TO HEBO3-
-1
0
-1

ui
1 00 4 4
MOXKHO, ecqim: a) A= 2 -1 4); 10
-2 2 5 2
4. IIpeobpaszoBarh K opTOHopMHpOBaHHoﬁ CI e,zLyIOLuy}o CHCTEMY BEKTODOB:

? i i
a =\ a=\10)a =11/
1 0 1

-~

5. B OHB {e,, e,} oneparopy A coorsercreyer marpuna A = (% 1).
HaiiTu (Aw, y) 141 (:13, Ay), ecinx = e, +e,, y=e +2e,.

6. Marpuna 6uinneiinoit popmsr A = (7%, %)) sajana B Gasuce {e,+
+e,, ez}, npuiém e, u e, oopazyior OHB. D9pmurosa ju marpuna A?

7. llpn kakux smnadenmsx mapamerpa A Ksajaparudnas dopma A(x, x) =
= 4x® + 2z% + A2 + 32? + 2\z, @, — 22,4, NOJOKUTEIILHO OLpejieea’

8. Ilocrpours B ecrecTBenHOM Dazuce KBaJIPUKH:
a) —4x? +4ry —4y° +8v2zx —4vV2y + 16 = 0;

6) 4x? +y?+42%> —day+2Vbx+4V5y — 20 = 0.

BAPUAHT 6

A~

1. [Tokazarh, aro oneparop A, jeicTBYIONMI Ha BEKTOPHI MPOCTPAHCTBA
€ €T
T = (iz) CJIeJLyIOIUM 00Pa30M: Az = (g), sABJIsICTCS JIMHEMHBIM, U HaWTH
MaTpUIbl olepaTopa B bazucax s{i, 7, k} U 6’{i +7,73, 7+ k}

2. Oneparop A poEeINUpyeT BEeKTOPHI IockocT Oy Ha npsaMyio x = 4y, a
oleparop B 3ePKAJIbHO OTPaXKaeT UX OTHOCUTEJIbHO IPAMONA Yy = —%. Haiitu
marpuubl oneparopos A + B, AB u BA s 6asuce {i, ]}

3. JluaronasuzoBars MaTpuily oreparopa A win [I0Ka3aTh, YTO 9TO HEBO3-

~1 22 2 0-1
MOKHO, €CJIH: a)A:(—2 3 2); 6)A:(o 1 0).
-2 23 100
4. IIpeobpazoBaTh K OPTOHOPMUPOBAHHON CJIE/YIOINIYIO CHCTEMY BEKTODPOB:

; 9 %
0,1: 1 70’2: 1 )a3: 1 /-
1 0 0

-~

5. B OHB {e,, e,} oneparopy A coorsercryer marpuna A = (_i 3).
Haiitu (Aw y) (:13 Ay) ecjm x = e, +e,, y = e, + 2e,.

6. Marpuia Guinueiinoit dpopubt A = (150 1) sazana B Gasuce {e +
+e,, ez}, npuiém e, u e, oopazyior OHB. O9pmurosa ju marpuna A?

7. llpn kakux 3HaveHMsX mapamerpa A KBajparndnas dopma A(x, ¢) =

= 2z 4+ 22 + Ao + 2% — 22,2, + 2\z, x, + 2x,%, LOJOKHATEILHO OLpeieeHa’
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8. IlocTponuTh B ecTecTBEHHOM GazKce KBaJPUKH:
a) 322 — 2122y + 4¢y% + 12Tz 4 61/21y + 42 = 0;
6) 202+ 292 + 222+ 22y +2yz+ 222+ 8V3x + 83y +8vV3 2 =0.

BAPUAHT 7

1. Ilokasarn, uTo omeparop A, HeHCTBYIONIMI Ha IPOU3BOJILHBINA BEKTOD
xl ~ . .
T = (iz) caejyiomuMm obpazom: Ax = a(a, a:), mea =1 — 3 — k,
3
siBjiieTcs JuHeiinbiM. Haditm marpuipl oneparopa B 0asmcax 6{i, 7, k} u

s’{i—|—2k, 7, z}

2. Oneparop A HOBOpaumBaeT BEKTOPBI HPOCTPAHCTBA BOKpYr ocu O Ha
YTOJI 7 , & OIepaTop B npoenupyer BeKTOpbI IPOCTPAHCTBA Ha, II0CKOCT YOz,
Haiitu marpuipt oneparopos A + B, AB u BA s 6asuce {i, 7, k}

3. Jlnaronaums0BaTh MATPUILY oleparopa A WK MOKA3ATb, ITO 5TO HEBO3-

10 0 0 3 3
MOKHO, €CJIN: a)A:(o 2 1); 6)A:(—1 8 6),
012 2 —14 —10

4. IlpeobpaszoBarb K OPTOHOPMUPOBAHHOM CJIEIYIONLYIO CUCTEMY BEKTOPOB:

: 2 ;
a’1: 1 7a’2: 1 70’3: 1 /-
1 0 1

~

5. B OHBb {31: 62} ormeparopy A coorBercrByer Marpuia A = (_12 _2).

i
Haiitu (Aw, y) 141 (w, Ay), ecinx = e, +e,, y=e +2e,.
6. Marpuna 6unnneiinoit Gopmbt A = (4% Z1131) sajauna B Gasuce {e,+
+e,, 3e, + 62}, HpUIEM {el, 62} — OHB. Dpwmurosa jiu marpura A7
7. llpn xaknx 3nadennsx mapamerpa A Kpagparudnas dopma A(x, x) =
= bz’ + a2+ 302+ 202+ 2z v, — 4z ¥, + 2\T, T, HONOKUTEILHO OLpeieneHa’
8. Ilocrpouts B ecrecrBeHHOM Da3uce KBaJIPUKU:
a) 2x? —dzy +5y*> + 8 — 2y + 9 = 0;
6) 322 +y? — 22 + 43wz +10v/32 + 102+ 5 = 0.

BAPUAHT 8

-~

1. Ilokazarb, uro omneparop A, NPOCHUPYIONNNA BEKTOPHI MPOCTPAHCTBA

Ha 1PAMYIO © = Y = %, JIMHEEH, W HaWTU MaTpullbl olieparopa B Oasucax

. . l . . .
6{'1,, 7, k:} U e {2'1, —k, k, z—l—g}.

2. Oneparop A 3epKaJibHO OTParkaeT BEKTOPbI INIOCKOCTH £ (DY OTHOCUTE b=
HO IPAMOH ¥ = v/3 , a oneparop B upoenupyer BeKTOPbI [IOCKOCTH Ha, I1Psi-

myio y = 2x + 1. Haiitu marpunpl omneparopos A+ B, AB u BA 5 6asuce

16 J-
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WJIA II0Ka3aTh, YTO 9TO HEBO3-
0 2

2 2

-2

eﬂylomy}o CUCTEMY BEKTOPOB:

1 2 -4
MOXKHO, ecii: a) A = i—% —% .

4. IIpeobpazoBaTh K OPTOHOPMUPOBAHHO

g ) i
a, — 0 y Ay = 1 70’3: 0 /-
1 0 0

5. BOHEB {e,, e, } oneparopy A coorsercrayer marpuna A = (} §). Haii-

3. JluaronajauszoBarb MaTpUILy onepaTopa A
4
0
2
CIT

2=

TH (A:I:, y) u (:13, Ay), eciu T = e, +e,, y=e, +2e,.

A= (Lo

JHE2H) sayana B Gasuce

6. Marpuna Ousinneitnoit  dpopmbl
{261 +e,, e, -|—62}, npuyém e, n e, oopazyior OHB. Spmurosa sin marpuna A?

7. llpn kakux 3HaveHHMsxX mapamerpa A KBajparndnas dopma A(x, ¢) =
= 2% + 2 + 227 + \o? + 2\z, @, + 22,2, LOJIOKUTEILHO OLpeeeHa’

8. [Tocrpoutsb B ecrecTBEHHOM Da3uce KBAJPUKU:
a) 4oy — 3y* — 4x + 10y = 6;

6) 22 +y? — 222+ day+4vV2x +2v2y + 42 — 4= 0.

BAPUAHT 9

~

1. [lokazarn, uTo omeparop A, HeiCTBYIONMI Ha BEKTOPBI IPOCTPAHCTBA
" -1
caenytonum obpaszom: Ax = [a X :1:], rje a = (—12 ), JINHEEH, U HAlTH MaTpu-

bl oLeparopa B basucax s{i, 7, k} u 6’{j —k, —1, 1+ k}

2. Oneparop A 1moBopaduBaeT BEKTOPbI HPOCTPAHCTBA BOKPYr ocu Oy Ha

yron %, a oneparop B pacrarusaer Bce BeKTOpBl B 5 pa3. Halitu marpuripr

OIIePATOPOB A+ B, AB u BA 5 6asuce {i, 7, k:}

3. dunaronasusoBarb Marpuily oneparopa A Wju 1MokKa3aTb, 9TO 3TO HEBO3-

1 1-1 7-2 0
MOXKHO, €CJIM: a)A:(—g—g %), 6)A:(_3 3_52)_

4. IlpeobpazoBarb K OPTOHOPMUPOBAHHON CJIELYIONIYIO CUCTEMY BEKTOPOB:
0 -1 1
1 0 -1
5. BOHB {el, 62} oneparopy A coorsercreyer marpuna A = (2 1). Haii-
™ (Aw, y) 1 (a:, Ay), ecoux =e +e,,y=e +2e,.
6. Marpuua Owmneiinoit  dopmbl A = (515, [75,) sazama B Oasuce
{2e, +e,, e +3e,}, upnuéu {e,, e,} — OHB. Opmurosa sn marpuia A?
7. Ilpu kakux 3HaueHusix napamerpa A Kpajparudnas dopma A(x, x) =

= 622 + A2+ 22 4+ Ao — da, 2, + 22 @, + 2\, &, [OJIOKUTEIBHO OLpeienea’
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8. IlocTponuTh B ecTecTBEHHOM GazKce KBaJPUKH:
a) 91?2 — 24 zy + 16y? — 8z + 19y + 4 = 0;
6) 222 — 2wy +y? — 2yz + 222 — 613y + 3 = 0.

BArPuAHT 10

~

1. [lokazarn, uTo omeparop A, HeiCTBYIONMI Ha BEKTOPBI IPOCTPAHCTBA
2z, +x
2 T3

xl A
xr = (iz) caeayromnmm obpasom: Ax = ( 4z, ), JIMHEEH, ¥ HAHTU MaTPUIbI
3 T, +,

omeparopa B basucax 5{'13, 7, k:} u 5’{'13 — 7+ k, —21, ]}

2. Oneparop A mpoenupyer BeKTOpbI IPOCTPAHCTBA HA IIOCKOCTb Z = 3y,
a oreparop B nosopadusaer ux Bokpyr ocu Oy na yros 3. Haiitn marpunpt
oueparopos A + B, AB u BA s 6asuce {i, 7, k}

3. JmaronanmsoBarh Marpuily omneparopa A WM MOKa3aTh, YTO 3TO HEBO3-

2 -1 0 ~10 16 0
MOXKHO, €CJIU: a)A:(% ({(1)); 6)A:(—g 10 ({)

4. IlpeobpazoBarb K OPTOHOPMUPOBAHHOMN CJIEIYIOULYIO CUCTEMY BEKTOPOB:

0 I !
a =12/, =\{1),=11]:
1 0 0

5. B OHB {e,, e,} oneparopy A coorsercrayer marpuna A = (§ 1). Haii-

™ (Azc, y) 1 (cc, Ay), eciux =€, +e,, y=e +2e,.

1—-i 244

6. Marpuna 6usinneiinoit popmbr A = (1_% ] ) 3ajlaHa B Oasuce {el—|—

+e,, e, — 362}, npuiéM e, u e, oopazyror OHDB. Dpmurosa im marpuna A?
7. llpn kakux 3HaveHusxX mapamerpa A KBajparndnas dopma A(x, ¢) =
= —3z% + Az? + 3:[:3 + Az? + 2)z x, + 22,2, orpunaTenbHO OnpeeseHa’
8. IlocTponTsh B ecrecTBEHHOM Da3Mce KBAJIPUKH:
a) 2’ —zy+y'+z+y=0;
6) 222 +2y* + 522+ 22y +6y22 — 102 +2 = 0.

BArPUuAHT 11

A~

1. [Tokazarh, aro oneparop A, jeicTBYIONMI Ha BEKTOPbI MPOCTPAHCTBA

.’171 A . .

T = (iz) caemyonuM obpazom: Ax = [a, X [:1; X b}], mea=t+k, b= —73,
3

SIBJICTCS JIMHEHHbIM, U HaiiTh MaTpHUIbl ollepaTopa B Oa3ucax 5{'13, 7, k:} u

e{-j+k, i+k, 2i}.
2. Oneparop A, jeiictBytonuit Ha 1tockoctu xOy, TEPEeBOJUT BEKTOP

a = (1) B Bekrop @’ = (73), a Bekrop b = (73) — B BexrOp b = ().

» ™
Omneparop B 1moBopauuBaeT BEKTOPLI ILJIOCKOCTH Ha YToJl — 5 BOKDYT HadaJa,

Koopjunar. Hajitu Marpuin! onepaTropon A+ B, AB u BA s 6asuce {i, J}
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3. JunaronannsoBarh Marpuily orneparopa A WK I0Ka3aTh, 9TO 9TO HEBO3-
-5 8 0 34 0
MO)KHo,eCJH/I:a)A:(—3 5 0); 6)A:(4—5 0).
0 0-2 4 —4 -1
4. IIpeobpasoBaTh K OPTOHOPMUPOBAHHON CJIEJIYIONLYI0 CUCTEMY BEKTOPOB:

! I 5
a =\op) a4 =10, =113/
1 0 4

5. B OHB {e,, e,} oneparopy A coorsercryer marpuia A = (2 1),

HaiiTu (Aw, y) 141 (w, Ay), ecinx = e, +e,, y=e +2e,.

6. Marpuna Guiuneiinoit popubt A = (7 111) sanana B Gasuce {e,—
—3e,, 62}, npuiém e, u e, obpazyor OHB. Dpmurosa s marpuna A?

7. llpn kakux smnadenmsx mapamerpa A Ksajaparudnas dopma A(x, x) =
= 4x® + 2z% + A2 + 32? + 2\z, @, — 22,4, NOJOKUTEIILHO OLpejieea’

8. Ilocrpouts B ecrecTBeHHOM Da3uce KBaJIPUKU:
a) v2 — 22y + y* — 10z — 6y + 25 = 0;
6) x> +y? + 522 +4zy + 2z + 10y — 17 =0.

BAPUAHT 12

A~

1. [Tokazarh, aro oneparop A, jeicTBYIONMI Ha BEKTOPHI MPOCTPAHCTBA
z, . 3:!73

xr = (£2) cieyromum obpaszom: Ax = | 2z, |, sABJIsETCS JUHEHHBIM, U HANTH
3 €,

MaTPHUIIbI OllepaTropa B basucax 6{i, 7, k:} 1 5’{i +37,79,9— k}

2. Oneparop A pacrsirusaer BeKTOpbI HPOCTpaHcTBa B1oJb oceit Oz u Oz
B 3 pasa, a oneparop B nosopaumpaer ux Bokpyr ocu Oy Ha yrod 7. Haiitn
MaTPHIBI OIIEPATOPOB A+ B, AB u BA 5 6asuce {i, 7, k:}

3. dunaronasusoBarb Marpuily oneparopa A Wi 1MokKa3aTh, YTO 3TO HEBO3-

1 3-2 2 0 0
MO>KHO, €CJIU: a)A: (—% g—g); 6)A: (_g (1)_:2)))_

4. [IpeobpazoBaTh K OPTOHOPMUPOBAHHON CJIEJIYIONIYIO CHCTEMY BEKTOPOB:
1 0 1
1 0 0/ '
5. B OHB {el, 62} oreparopy A coorsercrByer marpuia A = (:i %)
Haitru (Aa:, y) u (a:, Ay), ecciumx =e, +e,y=e +2e,.
6. Marpuna Gumuneiinoit dopmer A = (14 %)) sazana B Gasuce {e,+
+e,, —262}, npuiéM e, u e, obpazyror OHDB. Dpmurosa s marpuna A7
7. Ilpu kakux 3HaueHusix napamerpa A Kpajparudnas dopma A(x, x) =

= =222+ 22+ \e? + 2% — 2z, w, + 2\, &, 4+ 2x,x, OTPUIATEIBHO OLpeieneHa’
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8. IlocTponuTh B ecTecTBEHHOM GazKce KBaJPUKH:
a) 5r? + 12 xy + 10y* — 62 + 4y — 1 = 0;
6) 12+ 4y  +522+4day — 120+ 6y + 102+ 5= 0.

BAPUAHT 13
1. Ilokazarh, 4TOo omepaTop A, JIEUCTBYIONAN Ha HPOU3BOJBLHDLINA BEKTOP
331 A~
T = (i;) caejyromuM obpazom: Ax = a(a, zc), e a = 2t + k, siBasiercs
jauneiinbiM. Haditu  marpunpl  oneparopa B Oasucax s{i, 7, k} u 6’{i—|— k,
itk i}

2. Omneparop A poenupyer Bce BeKTOpbl miockoctu xOy Ha och Oy, a
onepaTop B 3epKaIbHO 0OTPazkaeT BCe BEKTOPBI IIIOCKOCTH 20y OTHOCHTETHHO
npsivMoit y = —+/3 2. Haittu Marpuis! oneparopos A—I—B, AB u BA s 6asuce
fi. 3}

3. JIMArOHAIM30BATH MATPHUILY ONepaTopa A MM MOKa3aTh, 4TO 9TO HEBO3-

1-1 1 -1 2-3
MOXKHO, €CJIU: a)A:(0—4 6); 6)A:( 1 0—3).
0-3 5 1 2-5
4. IlpeobpazoBarb K OPTOHOPMUPOBAHHOM CJIEIYIONLYIO CUCTEMY BEKTOPOB:

i ? 0
T
1 0 1/
5. B OHB {el, eZ} oneparopy A coorercreyer marpuna A = (_} 2).
Haitru (Aa:, y) u (a:, Ay), el =e, —e, Yy=e +2e,.
6. Marpuna oununeitnoit popmbr A = (31*;_4;' _E‘gfi) 3aJlaHa B Dasuce {61‘|‘
+e,, 2e, — 62}, npuiéM e, u e, oopasyror OHB. Dpmurosa im marpuna A?
7. llpu kakux 3HaveHwsx nmapamerpa A kKBajparudxas dbopma A(x, ¢) =
= —5x?+$3+3x3+2$f—|—2)\:{:1:{:2 —4x x,+2\x,x, orpunaresbHO olpejieseHa’
8. [locTpouTsb B ecrecTBeHHOM 0a3nce KBAJIPUKM:
a) 812 + 34 xy + 8y? + 18z — 18y — 17 = 0;
6) 222 + 5y* + 102% + 4oy — 672 — 12y2 — 60 = 0.

BAPUAHT 14

-~

1. Ilokazarb, uro omneparop A, NPOCHUPYIONNUNA BEKTOPHI MPOCTPAHCTBA

Ha IPAMYIO & = Yy = %, JIMHEEH, W HAUTH MATPHUIbI OllepaTopa B Oasucax

.. (e .o
s{z, 7, k} ne {2] —k, 1, z—|—J}.
A s
2. Oneparop A 110BOpauMBaeT BCE BEKTOPbI IPOCTPAHCTBA Ha yI'oJl 7 BOKPYT
ocu Oz 10 4acoBOil cTpesike, a onepaTop B pacTarubBaer KakJiblii BEKTOP B 2

paza. HaiiTu Marpuibl onepaTopon A+ B, AB u BA 5 6asuce {i, 7, k:}
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3. dunaronasusoBarb Marpuily oneparopa A Wi 1MoKa3aTb, 9TO 3TO HEBO3-

0 1 4 110
MOXKHO, ecin: a) A = (—2 3 4); 0) A= (0 2 0).
2 -2 1 011

4. lIpeobpazoBaTb K OPTOHOPMHUPOBAHHON CJIEJIYIONIYIO CUCTEMY BEKTODOB:
1 2 1
1 0 0/
5. B OHb {31: 62} oneparopy A coorsercryer marpuiia A = (1 13). Haiitu
(A:I:, y) u (:13, Ay), eciu T = e, +e,, y=e —2e,.
6. Marpuna Ouiueitnoit popmbl A = (311 275L) sajana B Gasuce {e,+
+e,, e, + 262}, npuiém e, u e, obpazyor OHB. Dpmurosa s marpuna A?
7. llpn kakux 3HaveHuMsxX mapamerpa A KBajaparndnas dopma A(x, ¢) =
= —a? + 2 + 22 + \a? + 2\z, x, + 22,2, OTPULATEIBLO OIpejeseHa’
8. Ilocrpouts B ecrecTBeHHOM Da3uce KBaJIPUKU:
a) 252% — 30 zy + 9y* + 682 + 19 = 0;
6) 222+ 2% + 522 +dxy — 2yz — 2x2 + 12v/2x — 12¢/2y = 0.

BAPUAHT 15

1. Ilokazarb, 4ro oreparop A, JEeUCTBYIONUN Ha BEKTOPbI IIPOCTPAHCTBA
CJIeJLYIONIUM 0DOpa30oM: Ax = [a X w], rje a = (—% ), JIMHEEH, U HalTh MaTpu-
1Ll olepaTopa B Da3ucax s{i, 7, k} u 6’{j —k, =21, 1+ k}

2. Oneparop A 3epKaJbHO OTParXKaeT BEKTOPDI MJIOCKOCTH £ ()Y OTHOCUTE T b-
no ocu Oy, a onepaTop B [IpoerupyeT UX Ha OpAMyIO y = —+/2 2. Haiitn
marpuubl oneparopos A + B, AB u BA s 6asuce {i, ]}

3. dunaronasusoBarh Marpuily oneparopa A Wi 1MoKa3aTh, 9TO 3TO HEBO3-

0 -2 -2 2 01
MOKHO, €CJIN: a)A:(0—2 0); 6)A:(1 1 1),
12 3 1-1 2

4. IlpeobpaszoBarb K OPTOHOPMUPOBAHHOM CJIEIYIOULYIO CUCTEMY BEKTOPOB:
0 1 1
_ (1 _ (1 _ (2
1 0 1/
5. BOHB {e,, e, } oneparopy A coorsercrayer marpuna A = (12). Haiiru
(Az, y) u (z, Ay),ccmz =€, —e,, y=e, —2e,.
6. Marpuna Guinneiinoit dopubr A = (111 Z37¢) sajzana B Gasuce
{261 —e,, e — 62}, npuIeéM {el, 62} — OHB. 9pmurosa ju marpuna A?
7. llpn kakux 3HaveHusx mapamerpa A KBajparndnas dopma A(x, ¢) =

= —6z+ \o? 422+ \o? — 4z x4 22, x, + 2\z,x, OTPUNATEILHO OLpeieeHa’
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8. [Tocrpoutsb B ecrecTBeHHOM Ga3uce KBAIPUKHU:
a) 82 4+ 6zy + 62 + 3y + 1 = 0;
6) 222 + 5y + 222 — 2y +daz — 2yz + 12¢/22 — 12/2y = 0.

BAPUAHT 16

~

1. HOKaSaTb, qTO oIlepaTop A, ,ZLeﬁCTByIOLL[HfI Ha BEKTOPDLI IIPOCTpaHCTBa
—:v1+:v3

xl A
xr = (gz ) caeayrommum obpasom: Ax = ( 3z, , JIMHEECH, U HAWTU MaTPUILb
3 2:v2 -|-3333

omeparopa B basucax 5{'13, 7, k:} u 5’{'13 +73—k, —21, ]}

2. Oneparop A 3epKabHO OTPAXKAeT BEKTOPBI II10CKOCTH £OY OTHOCHTE b-
HO LpsiMOil ¥ = 37, a oneparop B noBopaunsaer ux BOKpyr Hadala KOOP/UHAT
Ha yrojt —g. Haliru marpulp oneparopos A+B, AB u BA s 6asuce {i, j}

3. Jlnaronajns0BaTh MATPUILY oleparopa A Win MOKA3aTb, ITO 5TO HEBO3-

4 2 6 —2 2 -2
MO)KHo,eCJH/I:a)A:( 0 -2 ); 6)A:< 0 5—6).
—3 -2 -5 0 3—4
4. IlpeobpaszoBarb K OPTOHOPMUPOBAHHOMN CJIEIYIONLYIO CUCTEMY BEKTOPOB:

i i ?
(IR
1 0 0/ '
5. B OHb {31: 62} oneparopy A coorsercryer marpunia A = (4 1). Haiitu
(Azc, y) 1 (cc, Ay), eciu x =€, +e,, y=e +3e,.
6. Marpuna 6uinneiinoit popmbt A = (7%, 1) sajana B Gasuce {e,+
+e,, —62}, npuiéM e, u e, oopasyror OHB. Dpmurosa mu marpuna A?
7. llpn kakux 3HaveHusxX mapamerpa A KBajaparndnas dopma A(x, ¢) =
= —3z% + A2 + 3:[:3 + Az? + 2A\z, z, + 22,2, orpunarennbHo onpejesena’
8. [Tocrpouth B ecrecTBEHHOM Da3uce KBaJPUKU:
a) 4r? + 122y + 9y? — 8r — 12y — 5 = 0;
6) 5% + 2y® + 222 — 2y — 22z + 4yz + 482y — 4822 = 0.

BArPuAHT 17
N Ty
1. [Tokazars, 1ro oneparop A, jeiicTByOIIII Ha BEKTOPHI & = (gz ) cJesy-
3

IOIIM OOPA30M: Az = {ax [:1: X b}] ;e a = j+k, b =1+ k, asigercsa nuneii-
HBIM, ¥ Ha{TH MaTpPUIbI ollepaTopa B bazucax 5{'13, 7, k:} 1 6’{—j—|—k¢, 1+k, J}
2. Oueparop A npoenupyer BeKTopbl MPOCTPAHCTBA Ha IPAMYIO T = % =

= Zz, a oleparop B JIERCTBYET Ha, HUX CJIEJLYIONIUM 00pa3oM: Bz = [] X a:}

Haiitu marpuipt oneparopos A + B, AB u BA s 6asuce {i, 7, k}
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3. Auaronasnzosarh MaTpuily oneparopa A Wiy 11oka3arh, 4TO 9T0 HEBO3-
0-2 4 -5 1 -6
MO)KHO,GCJIH:&)A:(I—?) 4); 6)A:( 0 1 0).
1-2 3 3 -1 4
4. IIpeobpazoBaTh K OPTOHOPMUPOBAHHON CJIE/YIOINIYIO CHCTEMY BEKTODPOB:

? i i
a =\ a=\10),aG =11/
1 0 1

-~

5. B OHB {e,, e,} oneparopy A coorsercreyer marpuna A = (% 1).
Haiitu (Aw, y) u (:13, Ay), ecin x = e, +3e,, y = e, + 2e,.

6. Marpuna ounmnneitnoir popmbr A = (ﬁgf 124:22) 3aJlaHa B Dasuce {461‘|‘
+e,, ez}, npuiém e, u e, oopazyior OHB. O9pmurosa ju marpuna A?

7. llpn kakux 3HaveHHMsX mapamerpa A KBajaparndnas dopma A(x, ¢) =
= (4—N)2?+(4—N) 22— (2+ )z’ +4z, x,— 8z, 2, +8,, ABIACTCS OTPUIATEIBHO
OIIPEIeIEHHO !

8. Ilocrpoursb B ecrecTBEHHOM DA3UCE KBAJIPUKHA:

a) 22522 — 240 vy + 64y? + 30z — 16y + 1 = 0;
6) 1822 + 10y? + 102> + 6 xy — 6z + 18 yz — 57 = 0.

BAPUAHT 18

A~

1. [Tokazars, aro oneparop A, jeicTBYIONMI Ha BEKTOPHI MPOCTPAHCTBA
T, ~ 2132+CU3
r = (§2> cienytomumM obpaszom: Ax = | z,+z, |, dABJideTCS JUHEHHBIM, W
3 Lo

HAATH MaTPUIBL OLepaTopa B basucax s{i, 7, k} u s’{i +7, k, 7+ k}

2. Oneparop A poenupyer BeKTOphl 1miockoctn xOy Ha npsiMyio x = 2y,

xr

75 Haiitu

a omepaTop B 3epKajbHO OTpaxkaeT MX OTHOCHUTEIbHO IPAMOR y =
maTpunbl oneparopos A + B, AB u BA B 6a3uce {i, ]}

3. JmaronajmsoBarh Marpuily omneparopa A Wd IOKa3aTh, YTO 3TO HEBO3-

4-2 -1 5 0 -3
MOXKHO, €CJIN: a)A:(g—%—é); 6)A:(g—g %)

4. IlpeobpazoBarb K OPTOHOPMUPOBAHHOM CJIEIYIONLYIO CUCTEMY BEKTOPOB:
1 0 1
1 0 0o/ '
5. B OHB {el, 62} oneparopy A coorsercrsyer marpuna A = (_% 1).
Haitru (Aa:, y) u (a:, Ay), et x = —e, +e,, y=e, + 2e,.
6. Marpuna Oununeiinoit ¢popmbr A = (1__22 f_“}fi) 3aJlaHa B Oasuce {61—|-
+3e,, eZ}, npuiéM e, u e, oopasyror OHB. Dpmurosa mm marpuna A?

7. Ilpu kakux 3Hauenusix napamerpa A Kpajparudnas dopma A(x, x) =

_ 2 2 2
= —x; + 2A\z,z, + 20,1, + 4x] — AT + 27,7, OTpULATE]bHO ONpejieeHa’
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8. IlocTponuTh B ecTecTBEHHOM GazKce KBaJPUKH:
a) 22+ 2zy + y* — bx — 5y + 4 = 0;
6) 22%+2y* + 1722 — 22y — 8yz + 82z — 38 = 0.

BArPUAHT 19

T,

1. [lokazarn, aTo omeparop A, AefCTBYIONUI Ha BEKTOP & = (iz) caejy-
3

foruM obpazom: Ax = 3a (a, w), rjie a = 23 —k, aBisiercsa nuneiinbiv. Haiitu
. L (. .

MaTpHILbl ollepaTopa B baszucax s{z, 7, k} ue {z + 2k, 1, ]}.

2. Oneparop A npoenupyer BekTophbI 1ockocTu Oy Ha och O, a oneparop
B 3epkajbHO OTparkaeT MX OTHOCHTENBHO mpsimoit y = —2x. Haiitu maTpuiisr
oneparopoB A + B, AB u BA B 6a3uce {i, ]}

3. umaronajusoBarh Marpuily orneparopa A mim 1Mokazarh, 4TO 3TO HEBO3-

0 2 -1

~1 2 -2
MOXKHO, €CJIN: a)A:(gz %); 6)A:(8 %—%)

4. lIpeobpazoBarh K OPTOHOPMUPOBAHHON CJIJIYIONIYIO CHCTEMY BEKTOPOB:
1 0 0
U
2 0 3/
5. B OHB {el, 62} oneparopy A coorsercreyer marpuna A = (_3 ?).
Haiitu (Aw, y) 141 (w, Ay), ecinx = e, +e,, y=—e +2e,.
6. Marpura ounnneiinoit popmbr A = (1351 gzgf) 3ajaHa B Oasuce {Qel—l—
+e,, e, + 262}, HpUYIEM {el, 62} — OHB. Dpwmuroa jiu marpuia A7
7. Ilpu Kakux 3naveHusix napamerpa A kpajparudnas dopma A(x, x) =
= \o? 4 822 + 22 + 16z, x, + 4z, x, + 4w, x, OTPUIATEIBLHO OLpejieeHa’
8. [locTpoutsh B ecTrecTBEHHOM Da3uce KBAJPUKU:
a) 5r? — 6 xy + 5y* + 2 — 14y + 13 = 0;
6) 322 + 2% + 222 — 2xy + 222 — dyz — 25v/2y — 2522 = 0.

BAPUAHT 20

1. [lokazarn, uTo onmeparop A, IpoerUpPyOMKii BEKTOPHI IPOCTPAHCTBA, HAa

HpsiIMy1o © = —y = —%, JIMHEEH, U HAWTU MaTpuUllbl oleparopa B bazucax

s{i,j, k} u 6’{i—k, k, Z—|—]}

2. Oneparop A moBopadmBaeT BCe BEKTOPDI IPOCTPAHCTBA, HA YIOJT &

6
ocu Oz, a oneparop B pacraruBaer Kaxk/iblii BeKTOp B 2 pa3a. Haiitu Marpuiipl

oueparopos A + B, AB u BA s 6asuce {i, 7, k}

BOKDYT
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3. dunaronasusoBarb Marpuily oneparopa A Wi 1MoKa3aTb, 9TO 3TO HEBO3-

4-1 1 10 ~16 0
MOKHO, €CJIN: a)A:(2 1-1); 6)A:(6—10 0).
2-1 1 0 0 1
4. IIpeobpazoBaTh K OPTOHOPMUPOBAHHON CJIEJIYIONLYI0 CUCTEMY BEKTOPOB:

) ) ]
a =\1p9),a=11),a = 0 /-
1 0 0

5. B OHb {31: 62} oneparopy A coorsercryer Marpuia A = (11). Haiiru

(A:I:, y) u (:1;, Ay), ecin T = 2e, +e,, Yy =e, +2e,.

6. Marpuua Ouiuneitnoit dopmbt A = (1130 2% sajana 5 Gasuce

{261 +e,, e — 62}, npuuéM e, u e, oopazytor OHB. Asisterca s marpu-
ma A 3pMHUTOBOI?

7. llpn kakux 3HaveHusxX mapamerpa A KBajaparndnas dopma A(x, ¢) =
= —9:1:? + 6A\z,z, — xf OTpUIIATEILHO Olpe/iesieHa’

8. ITocrpouTs B ecrecTBeHHOM HA3UCE KBAJIPUKU:
a) 22 — 2xy + y* + 8z — 8y + 22 = 0;
6) > —2y* + 22+ 4y +4yz — 10xz + 22 + 4y — 102 — 1 = 0.

BArPuAHT 21

~

1. [lokazarn, uro omeparop A, HeiCTBYIONM Ha BEKTOPBI IPOCTPAHCTBA

A 1
cjiejtyrornum obpaszom: Ax = [a X zc], e a = (—:f ), JIMHEEH, U HallTu MaTpu-

bl OllepaToOpa B Dasucax s{i, 7, k} u 6’{j —k, 32, 1 — Sk}.

2. Oneparop A 3epKajbHO OTPazkaeT BEKTOPLI II0CKOCTH £ ()Y OTHOCUTE b

no ocu Oy, a omeparop B npoerupyer ux ma npamyio y = 2v/3z. Haiitu
marpuusl oneparopos A + B, AB u BA s 6asuce {i, ]}

3. uaronasnzosarh MaTpuily oneparopa A Wiy 11oka3aTh, 4TO 9TO HEBO3-
311 ~1-2 1
MO)KHo,eCJH/I:a)A:( 0 1 0); 6)A:( 14 1).
2 20 1-2-1

4. IlpeobpazoBarb K OPTOHOPMUPOBAHHON CJIELYIONIYIO CUCTEMY BEKTOPOB:
0 1 1
al B (_(%I)-> , a2 B (%> , a3 B <8>-
1 0 1,
5. BOHB {el, 62} oneparopy A coorsercryer marpuna A = (12%). Haiiru
(A:I:, y) 41 (:1;, Ay), ecimx =e +e,,y=e —e

9

6. Marpuna oununeitnoit popmbr A = (%frf’ﬁ _26;62') 3ajiaHa B Daszuce {61‘|‘

+2e,, €, + 62}, HpUIEM {el, 62} — OHB. Dpwmurosa jiu marpura A7
7. llpn kakux 3HaveHMsxX mapamerpa A KBajparndnas dopma A(x, ¢) =

= A\z? — 4z, z, + (A + 3)z? orpunaTesbHO OUpesencHa?
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8. IlocTponuTh B ecrecTBEHHOM Da3uce KBaPUKU:
a) 1522 + 24 xy + 15y* + 30z — 24y + 20 = 0;
6) 222 +5y* + 222 —2ay —4dxz+2yz + 22 — 10y — 22 = 1.

BAPUAHT 22

~

1. [lokazarn, uTo omeparop A, HeiCTBYIONMI Ha BEKTOPBI IPOCTPAHCTBA

x . z,+2x,
xr = (iz ) caeayromnmm obpasom: Ax = 2z, , JIMHEEH, U HAWTU MaTPHUIlbI
3 2z, —w,

oreparopa B basucax 5{'13, 7, k:} u 5’{—i +275+k, —21, k:}

2. Oneparop A 3epKabHO OTPAXKAET BEKTOPBI I10CKOCTH £OY OTHOCHTE b-
HO LpsiMOil Y = 37, a oleparop B noBopaunsaer ux BOKpyr Hadala KOOP/UHAT
Ha yrost —7. Halitu marpuiibl oneparopos A+B, AB u BA s 6asuce {i, j}

3. Jlnaronajns0BaTh MATPUILY oleparopa A Win MOKA3aTb, ITO 5TO HEBO3-

-1 1-1 1 2-1

MOXKHO, ecin: a) A = (:? %—%); 0) A= (8 %_6)

4. IlpeobpaszoBarb K OPTOHOPMUPOBAHHOMN CJIEIYIONLYIO CUCTEMY BEKTOPOB:

1 % 9
a, = 2 |, @ = 1), =11]-
1 0 0

-~

5. B OHB {e,, e,} oneparopy A coorsercrsyer marpuna A = (¥ 1).
Haitru (Aa:, y) u (a:, Ay), ecsiux = e, +e,, y=e +2e,.

6. Marpuna bununeiinoit hopmbr A = (_ﬁi% :{’Iﬁ) 3ajlaHa B Oasuce {el—|—
+e,, 362}, npuiéM e, u e, oopasyror OHB. Dpmurosa o marpuna A?

7. llpn kakux 3HaveHusxX mapamerpa A KBajaparndnas dopma A(x, ¢) =
=4 —-Nz?+ (4= Nz — 2+ N2 + 4z, z, — 8z, 2, + 82,%, LOJIOKUTE/ILHO
orpejieseHa’

8. ITocTpouTh B ecTecTBEHHOM Dasuce KBaJIPUKU:

a) 1522 — 16 vy — 15y — 621 — 44y — 13 = 0;
6) 2%+ 5y* + 22 + 2wy + 612 + 2yz — 22 + 6y + 22 = 0.

BAPUAHT 23

~

1. I[Tokasarn, uTo omeparop A, JAefCTBYIOMMI Ha BEKTOPLI IPOCTPAHCTBA,
331 ~ . .
T = (?) cieayomuM obpasom: Ax = [a X [:1: X a]], e a =t + 23 + 3k,
3
SIBJISICTCS JIMHEHHBIM, M HafTh MaTpUIbl oleparopa B Dasucax s{i, 7, k} u

e{-3+k, i+k, 25}
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2. Oneparop A 1poeinupyer BEeKTOpbl POCTPAHCTBA Ha IPAMYIO T = y =
= — \/Li , & OIIePATOP B JIeCTBYeT Ha HUX TaK: Bz = [z X :1:] Haiitu marpuiibt
OIIePATOPOB A+ B, AB u BA 5 6asuce {i, 7, k:}

3. HuaronasuzoBarsh marpuily oneparopa A win 1mokazarb, 4TO 3TO HEBO3-
0 0 2 2 2 —4
MO)KHo,eCJH/I:a)A:( 0 2 0); 6)A:(1 3—4).
1-2-3 2-1 0
4. IIpeobpazoBaTh K OPTOHOPMUPOBAHHON CJIEYIONIYIO CHCTEMY BEKTODOB:

i I I
a =10)%=\0) G =11
1 0 1

5. B OHB {el, 62} oueparopy A coorsercrsyer marpuna A = (% 1.

HaiiTu (Aw, y) 41 (w, Ay), ecinx = e, +e,, y=e +2e,.

6. Marpuua Gununeitnoit dopmbt A = (123 |L;) sanana B Gasuce {3e +

+e,, 62}, npuuém e, u e, obpazyror OHB. Dpmurosa su marpuna A?
7. Ilpu kakux 3HaueHusix napamerpa A Kpajparudnas Qopma A(x, x) =
= 2? + 2\z, x, + 22,7, + 422 — A\z? + 22,x, LHONOKUTEJILHO OUpe/eseHa’
8. [locTpoutsh B ecTrecTBEHHOM Da3uce KBAJPUKU:
a) 1722 — 22y +y*> — 3z —y — 3 = 0;
6) 42’ + 1> +42°> —day+4yz — 8xz+ 28z — 2y + 162 + 45 = 0.

BAPUAHT 24

T

~ 1
1. [lTokazarh, uro omneparop A, jelcTBYOMNI Ha BEKTOPHI & = (iz) cJe-

3

Ty

JIYIOLIUM 00pa3oM: Az = (g11§3 >, ABJISICTCsl JIMHEUHBIM, U HaWTU MaTpPUIbI
2 3
oneparopa B basucax 5{'13, 7, k:} u 5’{'13 +7, k, 7+ k:}
2. Oneparop A IpoeNUpyeT BEKTOPBI IockocTr xOy Ha MpsaMyio © = by,
a oreparop B 3ePKAJIbHO OTPaXKaeT UX OTHOCUTEJIbHO HPAMONA Yy = % Haiitu
marpuubl oneparopos A + B, AB u BA s 6asuce {i, ]}
3. JluaronasuzoBars MaTpuily oleparopa A win [10Ka3aTb, 4YTO 9TO HEBO3-

412 0 ~10 0 6
MO}KHO,eCJII/IIa)A:(—3—8 0); 6)A:( 0 1 0).
5 0 -2 ~16 0 10
4. llpeodpaszoBaTb K OPTOHOPMUPOBAHHOII CIEIYIONIYIO CHCTEMY BEKTODOB:

) | 5
a’1: 1 7a’2: 1 70’3: 1 /-
1 0 0

5. B OHB {e,, e,} oneparopy A coorsercryer marpura A = (_i 1),
Haiitu (Aw, y) u (w, Ay), ecin x = e, +e,, y=3e, + 2e,.
6. Marpuna Ouuneitnoit gpopmbr A = (_12_ jl ﬁi) 3aJjlaHa B Oazuce {61_

—e,, ez}, npuiém e, u e, oopazyior OHB. O9pmurosa ju marpuna A?
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7. llpn kakux snadenmsx mapamerpa A Ksajparudnas dopma A(x, ) =
= \o? 4 822 + 22 + 16z, x, + 4z, x, + 4w, T, HONOKUTEILHO OUpe/e/eHA?

8. Ilocrpouts B ecrecrBeHHOM Da3uce KBaJIPUKU:
a) 4% + 28 zy + 49y* — 3z — 15y + 2 = 0;
6) 222 +2y? + 322 +4ay+2yz+2z2+4x+6y+22+3=0.

BAPUAHT 25

A~

1. [Tokazarh, aro oneparop A, jeicTBYIONMI Ha BEKTOPHI MPOCTPAHCTBA
T, ~ 2132+CU3
r = (§2> cienytomumM obpazom: Ax = | z,+z, |, ABIdeTCS JIMHEHHBIM, W
3 Lo

HaliTU MaTpHUIlbl ollepaTopa B Hazucax 6{@', 7, k} u 6’{j +k, 7, 1+ k}

2. Oneparop A npoernupyer BeKTopbl mockoct Oy Ha HPSMYI0 T = ¥, a
oleparop B 3ePKAJIbHO OTPaXKaeT X OTHOCUTEJIbHO IPAMONA Yy = —%. Haiitu
MaTPHIBI OIIEPATOPOB A+ B, AB u BA 5 6asuce {i, ]}

3. JmaronajmsoBarh Marpuily omneparopa A WM IOKa3aTbh, YTO 3TO HEBO3-

0-13 8 10 —5
MOXKHO, €CJIN: a)A:(%—% %), 6)A:(g 3 %)

4. IlpeobpazoBarb K OPTOHOPMUPOBAHHOMN CJIEIYIONLYIO CUCTEMY BEKTOPOB:

0 i I
a=11),4={1),aG=11]:
1 0 0

5. BOHB {e,, e, } oneparopy A coorsercryer Matpuia A = (41). Haiitu

(Aa:, y) 1 (a:, Ay), ecoux =e, +e,,y=e, +2e,.

6. Marpuna Ounnneinoit popmbr A = (_12_ Y e

) 3ajlaHa B Dasnce {el—|—
+e,, 262}, npuiéM e, u e, oopasyror OHB. Dpmurosa mu marpuna A?
7. llpn kakux 3HaveHMsxX mapamerpa A KBajparndnas dopma A(x, ¢) =

= 92% + 6Az,z, — 27 1ONOKUTENLHO Onpesesena’

8. IlocTpouTsh B ecTecTBEHHOM Ga3KUCe KBaJIPUKU:
a) 4r? — 12 zy + 8y? — 152 + 25y + 14 = 0;
6) 222 +2y* =522+ 22y — 2x — 4y + 42 +2 = 0.

BAPUAHT 26

A~

1. [Tokazars, aro oneparop A, jeicTBYIONMI Ha BEKTOPbI MPOCTPAHCTBA

z, . :v2—2x3
r = (iz) CJIEIYIOIIUM o6pa30M: Ax = ( 3% , ABJIACTCS JIMHEWHBIM, U
3 Ty

HAATH MaTPUIBL OLepaTopa B basucax s{i, 7, k} u s’{i +73,7+k, 53— k}
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2. Ouneparop A npoenupyer sekropbl miockoctn Oy Ha IPsIMYyIo T = —3y,
a onepatop B 3epKaibHO 0TpakaeT nx OTHOCHTEBHO IPAMOl y = % Haiitu
MaTPHIBI OIIEPATOPOB A+ B, AB u BA 5 6asuce {i, ]}

3. JInaronajuszoBarh MaTpuily oleparopa A win 0KazaTh, 4TO 910 HEBO-

2 -2 2 —2 4 -3
MOXKHO, €CJIU: a)A:(0—5 6); 6)A:(—1 3—3).
0-3 4 -1 4-4
4. IlpeobpazoBarh K OPTOHOPMUPOBAHHON CJIEYIONIYIO CUCTEMY BEKTOPOB:

: 9 |
O
1 0 0/ '
5. B OHB {el, 62} oneparopy A coorsercrsyer marpuna A = (_4 1).
Haiitu (Aw, y) u (z, Ay), eciux = e, +e,, y=e, —4de,.
6. Marpuua Gumneiinoit dopmbr A = (5t 311) sanana B Gasuce {2e, +
+e,, 62}, npuuém e, u e, obpazyror OHB. Dpmurosa s marpuna A?
7. Ilpu kakux 3Hauenusix napamerpa A Kpajparudnas dopma A(x, x) =
= \z? — 4z x, + (A + 3)z? nosoxuTeIBLHO OUpeeena’
8. IlocTpouTsh B ecTecTBEHHOM Ga3KUCe KBaJIPUKU:
a) x? — 8wy + 16y% + 62 — 24y + 9 = 0;
6) 22% —Ty*> —42° +4ay+20yz — 16 22 + 60z + 12y + 122 = 90.

[To Jsiuneitnoit anrebpe pekomengyrorest kauru [1]-|8], [20].






Tiasa 11

TEH30PHOE NCUHUNCJIEHUNE

1. JIuHeliHasgs KOMOMHAIISA TE€H30POB

B mexoropom 6asuce tenzopnr A aJIaHbl CBOMMHU KOMIIOHEeHTaMu A =

u
= (Aij) = (—22_(%): B = (an) = (
C =2A — 3B 5 roum xe bazuce.

Pemenne. é:(CZ]):(ZAZ]_3BZ]):2(—22_01) —3(% %):( %1_02)_

— (12 3)= (i 26)-

B
4
5

3
3). Bbruuciurh KOMIOHEHTBI T€H30Da

2. TenzopnHoe npousBeqaeHne. I

Bbiuuc/iuTh TE€H30pHbIE TPOU3BEJIEHUs D=2A 0% XuF=2X 0% fi, rjie
rensop X = (X®) = (3), a rensop A 3a/1a1 B UPe/BLLYIIEM IPUMEDE.

Pemenne. KoMmnoneHThl TeH30pa

6
I):A@X:(Drra):{ (s
2

v

KomMiionenTs! TeH3opa

[Tosicnum pacuérol. Hanpumep, komnonenta Fly = X1Ay = 3-(—2) = —6,
F%,=X%Ap=1-(-1)= -1

3. Teunzopuoe npousseaenue. 11

[Tycrs rensop T = & ® g, a Bekropbl & = (2') u y = (y?) umeror B 6a3uce €
kommoneHTsl 1, 0, 0 m 0, 1, O coorBercTBenno. Haiitn KommonenTs! Tenzopa 1’

12 0
B 6asuce € u B basuce ¢’ = €A, rye (npsmast) MaTpuiia nepexojga A = ((2) 5 2 ) :

~ . . 010
Pemenmwe. Kowmionenrst Tenzopa T = (T”) = (:l:Z yj) = (8 0 8)'
[Ipu nepexojie K HOBOMY 0a31MCy KOMIIOHEHTbI TAKOIO (JIBAXK /bl KOHTPABA~
PMAHTHOI0) TeH30pa Ipeobpasytorces 110 3axony 1" = BTB", rje B = A71 —

32



4. CKAJIAPHOE ITPOMU3BEJIEHNE 33

. 21 —10 —4
obparHas Marpuia nepexoja. Haxoaum eé: B = —140 g % . Torna

/ 21 —10 —4 010 21 —10 —4 —210 105 42
T"={-10 5 2 000 -10 5 2 ) = 100 =50 =20 ) .
-4 2 1 0 00 -4 2 1 40 =20 -8

4. CkaJjJsgpHOe ITPON3BeE/IeHUE

Tensopbt T' 1 Q 3a/1aHbl CBOMMU KOMIIOHEHTAMY
. 1 0 -5 A 5 0 -1
T=r)=(344), @=@)=(13%)
Haiitu ckassiptbie (BHYTPEHHUE) IPOU3BEJICHUST ITUX TEH30POB.

Pemmenune. CkaJjisipHoe npousBejicHrEe O P ejleJisieT s depe3 TeH30D-
HOE IPOUBBEJICHUE C IOCTEAYIONel CBEPTKOH IO JIBYM Pa3HOBBICOKUM WH-
JIKCAM, OTHOCSAIIMMCS K Pa3HbIM COMHOXKHTessAM. Ho BbIdmciieHHe B Ce X
KOMIIOHEHT TEH30pa Y€ TBEPTOTI O paHra T ® Q TPYJIOEMKO (M HEHy kK-
HO B JIAHHOM 3ajia4e); HAWJEM HemOoCPeJCTBEHHO KOMIOHEHThl HCKO-
MBIX TEH30pOB BTOPOT O paHra C = (Tf Q?)|k:i: (Tf Q;) = (C’j) u
D = (1:Q)|,_; = (7] Q}) = (D}).

[Ipuna uMm BolpakeHnio C = (C’j) = (Tf Q;) BIJI, OOBITHOI'O IIPOU3BE/ICHHU S
marpuil. s 9Toro HaJlo KOHKPETH3MPOBATH IOC/ECI0BATEILHOCTD WHJIEKCOB
B comuoxkuressix: 1% Q' ;- lockosbKy B yCJIOBUM 3a/1a4M MACCUB KOMIIOHEHT
rensopa T’ 3ajan ¢ (0GpaTHOl) HOCHEIOBATENLHOCTBIO Hutekcos T = (T73),
IpuUIETCs TpaHcnonupoarh Marpuily 1. OKOHYATENBHO, BHIUUCIIAEM CKAJISIp-

HOE IIPOU3BEJICHUE TEH30POB KaK CJIeJIyIollee MPOU3BeIeHUEe MaTPUIL:

2 5 0 -1 9 0 1
4 1-3 3 = 2 18 —-14 ) .
-1 2 0 1 —-24 -9 13

MozkHO cBepHYTh HoydeHHblil TeH30p C, MOJ0KHUB s = J; B pe3y/bTraTe MOJTyIUTCsI TEH30P

o-ra-(1-

WO

HyJIeBOrO panra — tryp (cies) marpurpt C:

(€3)],_;= (C}) =SpC =9+ 18+ 13 = 40.

A — (DR — (Tipk) — (70 )-k . .

Anasioruano, D = (Dl) = (TZ- Q]) = (TZ- Q; ) C yuérom obpaTHOif
OCJIE/IOBATEJIbHOCTH MHJIEKCOB B MaccuBe () 10 YCJIOBUIO 3a/[a41 OKOHYATE b
HO TIOJydaeM JJIsT BTOPOI'o BapWaHTa CKaJsIPHOTO MPOU3BEJICHU CJIETYIONLYIO

MATPUIHYIO (DOPMYITY:

1 0-5 5 1 2 10 —14 -3
DZTQT:(O—G 3)( 0 -3 0):(—3 27 3)
> 4-1/\-1 31
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5. CuMmmeTpus TEH30POB

dABnstorest an TCH30PbI, 3aJlaHHbIC MaCCUBaMU

P=(Py)=(03%), Q=@"=0d),
> o (—11%7 :1?
SR WE I

CUMMETPUYHBIMK (AHTUCUMMETPUYHBIMHI) [0 KAKOH-/Mb0 nape uHjeKcoB?

Pemenue. Ouesnjno, uro Py = Py = P = PT . re. rensop P asisiercs
CUMMETPUYIHDIM.

Tensop Q He SBIAETCH CUMMETPHIHBIM, T.K. + @Q'. He aBngercs on u
AHTUCUMMETPUUHBIM, T.K. @ # —QT (U3BECTHO, Y4TO aHTUCUMMETPUUHAS Ma-
TPUIA COAEPKUT HYJIM HA DJIABHO JIMATOHAJIK).

PacemorpuM cBoficTsa cuMMerpun tensopa R. IlonpoGyem TpaHCIoHHpo-
BaTh €r0 MaTpUILy 1Mo 1-My 1 3-My WHAEKCAM; MOy YafoIIics TP 3TOM TEH30D,
0bo3HAuAeMblil HizKe Kak U, IMeeT KOMIOHEHTbL:

2 (%g)’ n =1
= (Uimn) = (Rpmi1) =
U= (Utmn) = (Bnmi) A,

[Tosicunm npeobpazosanusi. Hanpumep, komnonenrta Rig; = 3 (1-s1 crpoka, 2-ii
crosibert 1-ro csiost) nipu nepecranoBke 1-ro u 3-ro unjekcon nepeituér B Uyag,
T.e. caMa B ceDs (ocTameTcs Ha MecTe), a KoMIoHenTa Rojp = —1 (2-1 cTpoka,
1-it crosbery 1-ro crost) nepeitiér B Urge (1-g crpoka, 1-ii crosber 2-ro ciost) u
T.J1.

Kak BujiuM, KOMIIOHEHTbBI Oy YeHHOI'O IIPU TPAHCIOHUPOBAHUU HOBOI'O TEH-
sopa U, BooG111e roBopsi, He PABHDL COOTBETCTBYIONMM KOMIIOHCHTAM UCXOLHOTO
rensopa R, r.e. rensop B He cUMMETpH UeH 10 HHIEKCAM (1, 3); kpome
roro, U # —R — 0TCyTCrByer n aHTHCUMMETPHS! 110 9TOH 1ape HHICKCOB.

TpaHCIOHIpyeM Tenepb MATpuiy Tensopa R 1o 2-My U 3-My HHIEKcaM.
[IyCTb IpH TOM HOLYYAETCs TeH30p V5 ero KOMIOHEHTDI:

- (

13, n=1;
V = (Vlmn) — (Rlnm) — ( ; )
2 )

O oo

A~ ~ A~

Urak, V = R, 1e. reazop R cuMMeTpudeH 10 uHIeKcam (2, 3).
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6. CuMMeTpupoBaHNEe U aJbTepHUpPOBaHUeE. 1

A .. ]. 0 _6
[Ipencrasursb renzop T = (TU) = (421 E; —:f) B BIJI€ CYMMbl CUMMETPUIHOI'O

A -~

S u aHTUCUMMETPUIHOIO A TEH30POB.

Pemenue. Cuvmmerpuinasi 4acThb:

§=(s7)=(T52) = (

AHTI/ICI/IMMeTpI/I‘{HaH qJaCTb:
A x ij _miji 0-1-5
A= (A7) = (%) = (1 0—5).
5 5 0

7. CuMmMeTpupoBaHUE U aJbTepHUpPOBaHHe. 11

o = =
DN OO =
| |
=B =
v

s Tenzopa

A (34), k=1;
N
13/» —

HafTH KOMIIOHEHTHI TEH30POB (T(Z-j)k) u (T[Z-j]k).
Pemenme. HanomuuMm, 4To Kpyryible U KBaJpaTHble CKOOKKM 0O03HAUAIOT,
COOTBETCTBEHHO, OlIEPAIi CUMMETPUPOBAHUS U aJibTEePHUPOBAHUS, IIPUMEHEH-

HbIEe K OKPY)KéHHbIM MMHN UHJIEKCaM.

Tijk + Tjie _ (5%), k=1,
2 (23), k=2

Liijr =

(B Ka2KJI0M CJIO€ CUMMETPUPOBAHKUE BBITIOJIHACTCA OTACJIbHO, IIOCKOJIbKY IIOCJIE/I-

HUil uHJeKe k B HEM He ydacTByer).

_075 - .
T _Tz’jk_Tjik_ (0,5 0 ): k_la
lijlk — - 2 _
0

2 (-3
8. CummerpupoBaHue u ajgbrepHUpoBaHme. 111

s Tenzopa

( (i%%’) k=1;
. 150
T=(Tijr) =4 (L29), k=2
§26), k=3
L \321
HafTH KOMIIOHEHTHI TEH30POB (T(Z-jk)) u (T[Z-jk]).
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Pemenwne. Ilo ¢popmyie
Tijry = § T + Tij + Thij + Thji + Tjri + Tjir,)

BbIYUCJIUM, JIJIA IIpUMEDPa, JBE KOMIIOHCHTBI CUMMETPUPOBAHHOI'O TEH30PA!:

T(121) :%(1—1121 +T112 +T112 +T‘121 +T‘211 +T‘211) -
=c(24+4+4+24+4+4)=%;

T(321):%(T +T,,+1T, +T‘123+T'n3+1—1231):

=:(8+6+6+8+8+2)=2%.

OkoHuaTeIbHBII Pe3ysIbTaT CHMMETPUPOBAHUS:

( 1 10/3 19/3
10/3 3 19/3 ), k=1;
19/3 19/3 19/3
10/3 3 19/3
% 3 5 7 ), k=2;
19/3 7 4
19/3 19/3 19/3
19/3 7 4 k= 3.
L \19/3 4 1

(Thijw) =

[To bopmyiie
Trijwy = 5 (Tijr — Tinj + Thij — Trji + Tjwi — Thir)

[oJIy4aeM aJibTePHUPOBAHHBIN TEH30D:

2

o—oHCCooco

(Tiijny) = {

OO OOO I~

,
/N

9. TeH30pbI B €BKJINJI0BOM IIpOCTPaHCTBeE. |

Jnst Gasuca e, = 2i+7, e, = ¢ —J B upocrpancrse K2 Haiiti B3auMublii 6a-
3UC, MATPUILHl METPUIECKUX TEH30POB, KO- U KOHTPaBAPUAHTHbBIE KOOD/IMHATHI
BEeKTOpa € =t + J.

Pemienne. BekTopnl e, e, B3anMHoro dazmca HailJIéM JIByMs CIIOCOOAMU.

[Tepwiit cuoco®6. [osyunm BekTOpbl B3aMMHOIO Dazuca, MUCXOJsl U3
onpesenenus € = g'*ey. s s1oro norpebyercsa MaTpUIla, JIBasK bl KOHTPaBa-

PUAHTHOIO METPHUIECKOro TeH3opa (BepxHssa marpuiia ['pama) G.
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)=(11).

CuauaJia Hajijém nuxkaono mMarpuiy ['pama:
G=(gin) = o el; Ee” ©
T 627 el 627 62

O6parum eé: G =G 1 = % (_21 _51) Tora

t=g'e, +g%, =220 +5) - Li—-j)=1%i + 17,

*=g%e, +g%%e, = ——(2@—|—])—|— (z—g) %z——]

Bropoit cuocob6. Mcrnonb3yem cooTHOIIEHUE (e’, ej) = 5;-.

ITycts e* = at + (37; Toria
e,e) = 2a+p=1 0421/3 11, 1.
{Eel,e: — a—fB=0 :>{B:1/3 = e =31+ 37].
Amnajiornuno, myctb €> = vyt + 07; Tor/a
e’ e 2v4+6=0 vy=1/3 o __ 1, 2 -
{Eez,e:; = y—6=1 :>{5:—2/3 — € =3t~ 37

Urak, B3anMHbIN 0a31C 1 MATPUIIBI METPUIECKUX TEH30POB HaiiieHbl. Ocra-

JIOCh HAWTHU Pas3/IndHble KOOPJUHATHI BEKTOpa € = T + J.

KoBapruaHTHbBIE KOOPIUHATHI BEKTOPA, T — 9TO €r0 KOOPIUMHATHI BO B3AMM-
HoM Gaznce: = zpe”. CKajusgapHO yMHOXKUM 00€ 4acTH 110C/IE/HEr0 COOTHOIIE-
HUST HA €;:

(x, ;) = (:L'kek, ei) = T} (ek, ei) = :ck(Sf = x;.

Ha ocHoBanuu 310l pOpMY.JIbI

r,=(x,e)=3, z,=(x,e,)=0=>x=(x;)=(3)=3e".

1 2

C nomoripio anaaorunanoit popmysisl " = (&, €™) MOXKHO HafiTH KOHTpaBa-
pUAHTHBIE KOOpJUHATHL £ (B 0cHOBHOM baszuce) BekTopa & = "' e,,. [logyaaem
2/3 2 1
_ m\ _ 2 1
x = (z )-(_1/3)—361 €,
Bropoit cnocod naxoxgenus z". [Ipoxourjiupyem nnjekcamu:

"= qg""x,, OTKy/a

I
wlw

et =gz, +97z, =

©I'—‘ I

-3—5-0
-3 0=

©Olot o~

_|_

wl»—\

2 __ 21 22
=49 LL’1—|-g r, =

Tperuit cnocob HaxXxoxX/JleHUsT KOOpP/JuHaT. HakoHer, Koop-
JIMHATHI BEKTOPA, € MOXKHO HafTH 3JIEMEHTaPHBIM CIIOCOOOM IPUPABHUBAHMUS

KOODPJIMHAT B 00EMX 4JacTIX ypaBHEHM:A CBsA3M. Hamnpumep, packiajiblBas € =
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= z'e, + r’e, u TO/CTaBIIAS BMECTO KarKJIOT'O BEKTOPaA €ro KOOPJMHATHI B Oa-

suce {2, 7}, nosyunm

(1) =2 () +2*(1), omyma { 25 TL

C TeM K€ OTBETOM: :1:1:%, x :—%.

10. Tensopsl B eBKJIUA0BOM ITpocTpaHcTBe. 11

B 6asuce ¢ marpuneit I'pama G = (_21 _1) 3a/laHbl BEKTOPbL & = (5'72) = (_3})

1y = (y) = (2). Haiiru kommoments: rersopa T = (T7,) = *x®y uouycrurs

B HEM II€PBbIii MHJEKC.

Pemenne. Komnonenrn: renzopa (le) (72 9). Kourmupyem: (1;;) =
0

= (9aT%) =GT=(371) (5 ) =% 7).
11. IITapoBoii TeH30p U JAeBUATOP

[IpencTraBuTh B BHJIe CyMMBI IIAPOBOTO TE€H30pa U JieBHaTOpa Terzop 1 =
, 37 1
— (TZ.) — <_2 4—11),
J -9 8 5
Pentenne. Illapooit Tenzop onpejensiercs coorHomenuem T = %T;E =
o 1 A~ A .
= -SpTE, raje E — e uHu4Hblii T€H30D, N — PasMepHOCTH POCTPAHCTBA.

31ech cjejl MaTpHUIlbl TeH30Pa, T SpT =3+4+5=12. Torna IH; =4F =

(4 0 0)

=(040).

00 4 L
Hesuatop D =T — I11. 3nech Déz(—g g—111>.

12. Ten3opHast MOBEPXHOCTbH

Haiitn reOMETPUICCKOEe U300pazkKeHne TEeH30pa T = (T}) =

3 6 2
= (-2 4-12).
—28 5
Pemenwe. Pazjioxkum 1eH30p Ha CUMMETPUYHYIO U aHTUCUMMETPUUYHYIO

qacrm: T = S + A, rje

S =(Sy) =252 = (

[e=) \VIUL]

2 0 a Toi—T-. 0 4 2
4 -2 A = A = Y )t — (—4 0 —10> .
5 5) ) ( Z]) 2 —2 10 0

OcraBJisist paCCMOTPEHNE AHTUCUMMETPUIHON YaCTH TEH30Pa, CBIBaHHOM ¢ a K -
cuaJibHb M BekTopoM, j10 C.42, 3aiiMéMcs 3J1eCh CUMMETPUYHON 9aCThIO,

reoMeTPUICCKUM N300parKeHIueM KOTOPOil ABJIsIeTCs TeH30pHAs IOBEPXHOCTD.
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Haitiém riiaBable 3HAYEHUsI U IJIaBHbIE HallpaBJIeHKs TeH30pa S. Xapakre-
PUCTUYECKOE ypaBHECHUE

det (S — \E) = ‘ e

2 0
i 5 ‘ =0 i A — 1202 + 39X — 28 = 0,
0 -2 5-A
Kopuu sroro ypasuenuss A\, = 1, A\, = 4, A\, = 7 gBjidiorcd rjiaBHBIMHU
3HaYeHu MU Ter3opa. Vim coorBercTBytoT (HOPMUPOBAHHbIE) COOCTBEHHBIE

A —2
BEKTODPLI (TTaBHBIC HalpaBJCHU I TeH30pa S) e :l< 2), e, =
1

173
=3(1)-e=1(3)

Bbrauciisist onpejiesinresib MATPUIbL U3 KOODJMHAT 9TUX BEKTOPOB (OH paBeH
eJuHuIe), yOexkiaeMesi B TOM, 4TO TPOKa IIaBHbIX Halpasienuii {e,, e,, e,}
— mpaBas.

B srom 6asuce ypaBHeHE TEH30PHON TOBEPXHOCTH MPUBOJUTCS K TJIABHBIM

OCSIM:
;142 , 2\2 ;312
(M) +4(£2)"+7(£3)" = 1.
[ToBepXHOCTD ABMAETCS TPEXOCHBIM SJIJHUICOUOM (IPUMED TOCTPO-

enust M. B [20]).

13. NaBapuaHTBHI TEH30pA

B 6asuce €: e! =1, €2 =1+ 7, € =1+ 5 + k rensop T upejcrasien
. 147 . -
marpureit (T5;) = (% 5 S)' Haiitn unsapuanter rensopa T

Pemtenue. [Ipex;ie Bcero ormerum, 9to te (OJHOBLICOTHBIC!) KOMIIOHEHTHI,
KOTOPbIMU 3aJlaH TEH30p, HEIPUIOJHbI Jijist 1oucKa uHBapuanTos. [Ipujérces
nepeiiTn K CM el a H H bl M KOMIIOHEHTAM.

Bepxussa marpurna ['pama:

_ :61) (', %) (e, €) 111
G=(9") = ( el) (e, €e?) (e €) | =122
( ,e1 (63, e2) (63, 63) 1 2 3

[Togaumem BTOPOIT MHIEKC Y T

, 147\ (111 12 23 30
T..¢'%) = (TF :(258) (122):(15 2% 36).
(wg ) ( Z) 369/ \123 18 33 42
TeHepb MO2KHO BbIYUCJIATDH I/IHBapI/IaHTbI.

[Tepsasga rpynna:
J, =5SpT =12 4 28 + 42 = 82;
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_ 12 23 30\ /12 23 30
7, —SpTQ—Sp<15 78 36)(15 53 36) =
18 33 42 )\ 18 33 42
_q (1029 1910 2448

199 5317 2970) — 1029 + 2317 + 3492 — 6838:
1467 2724 3492

3 12 23 30 /12 23 30\ (12 23 30
J,=SpT° =Sp( 1528 36 ) (1528 36 | (1528 36 ) =
18 33 42/ \ 18 33 42/ \ 18 33 42
85062 157931 202446

103191 191590 245592) = 85062 + 191590 + 288738 = 565 390.
121320 225249 288738

Bropaga rpynna mHBapraHTOB:
I =SpT =12+ 28 + 42 = 82;

T+t T2 T+t T-3 T2 T-3

2 2 3 3 3 3
=15 BI+ 118 B[+ 15 Bl =-9-36-12=—57;

T+1 T-2 T3

1 1 1
I,=detT=| T T:> T3 :‘%% 3 %8‘:0.

2 2 2 18 33 42

T-1 T2 T3
3 3 3

[Iposepka npasuiibrocTu pacaéros no J,, J, |9]:
3, = I? — 21, = 822 — 2(—57) = 6838,
J, =31, +1°—3[I =3-0+82°—3-82(-57) = 565390, kax u JOJKHO
ObITh.

Bropas rpyla HHBAPUAHTOB BLIYUCIAETCS, OUEBUJIHO, HAMHOIO Jlerde .

I—[OKa}KeM7 4TO HOJIYYCHHbIC BCJIMYMHDBLI Il;eﬁCTBI/ITGJIbHO ABJIAIOTCA MWHBAPU-

aHTaMu, T.e. He 3aBUCAT OT Oa3uca.

ITepeiiném or Gasuca € k mosoMy basucy ¢ é' =14, é*=i+2j, €& =
. . 1-1-1
= 1 + 23 + 3k. llpamas marpuna nepexoma A. o = (8 (2) %), obparHasi
11/21/2 .
marpuia nepexoga Bo_,. = | 01/21/6 |. Komnonenrs: renszopa T = (T;k) B
00 1/3

HOBOM DOa3suce:

1 0 0 77/2 33/2 10
T'=A'"TB" = (—11 ; 8)(% ; g)(lﬂ /20 ) = (111//2 47?2 14).
-1-1 3 369 1/2 1/6 1/3 81 34 20

Bbiuuc/ium 3aHOBO MHBAPUAHTbHI BTOPOH I'PYIIIIbI:

— _ 17 47 — .
I'=SpT' =T +4+20 =82

1He CJeyer CYATATh JIAHHYIO 33/a4y, IPU BCEil e€ TPYJ0EMKOCTH, OOPA3UMKOM <«UCKYCCTBA JJIsd UC-
KyCCTBa»; MHBAPUAHTHI TEH30POB MI'PAIOT BAsKHYIO POJib, B YACTHOCTH, B MEXAHUKE CIJIONIHON Cpejbl (CM.,

Hanpumep, [9]).
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, T!1 2 T!-1 T3 T2 773
I2: T’"l TI‘.2 Tl.l TI.3 T/.2 T/.3 -
_ | 7772 33/2 77/2 10 47/2 14| _ — .
_‘111/2 47/2‘+‘8{ 20‘+‘3£ 20 =—11-40 -6 = =57
Tlfl T’l'2 T’1'3 77/2 33/2 10
I;:detT’: T’;l T’f T’£3 = | 111/2 47/2 14 |=0.
T’3'1 T’3'2 T’3'3 81 34 20

B HoBOM 0azuce TEH30p IIPEJCTaBJICH COBCEM JIPYI'MM MACCHUBOM UHCEJI, HO

X KOMOMHAIINKY HEe U3MEHUJIUCH!

14. IlceBaoTeH30pHI

B basucee: e, =1, e, =147, e, =1+ J + k ncesgorensop T Beca M = 3

COND = wo

. 47 ~
npejcraBjieH MaTpuieit (T” ) = ( gg). Haiitu xoopaunarnl T B Oasuce &'
é' =1, e’ =1+2j5, €3 =1+ 27 + 3k.

Pemenne. Koopjiunarol T 11peodpa3yoTcs 110 3aKOHY

T' = |A/™ BTB".

1-1-1
B mpeapiaymeit 3agade Haiigennl mpamas A. o = ( 8 % —31) u obparHas

1 1/2 1/2
Bo . = (8 1(/)2 };g) MaTpulbl nepexoja. Oupeje/nTesib IpsAMOil MaTpPUILbI

nepexoja |A| = 6. Torua
1 1/2 1/2 1 0 0
T =63 (0 1/2 1/6) (% fé g) (1/2 1/2 0 ) :36(32 ‘1‘;‘ i’})
0 0 1/3 369 1/2 1/6 1/3 21 9 6

15. Tenzop JleBu-HuBurhbi

[Tokazarh crpaBeIUBOCTD (HhOPMYIIbI
(la x b, [e x d)) = (a, c) (b, d) — (a, ) (b, <)
Pemenwne. Cxausiproe upoussesetue ([a X b], [¢ X d]) 1o sakonam ren-

30PHOTO MCUMCJIeHUs 3aluchiBaeTcs Kak |[a X bl [e X d];; B cBoo ouepesp,

[a x b) = é*ayby, [e x d], = €y dP.
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[ToncraBuM BeE B MCXOMHOE BRIPaXKeHHE U IePeiiIEM OT TEH30pOB K CUMBOJIAM

JleBu-Hupurhr:

([a x b], [e x d]) = ey apbic’d = % e /g irp arbyc dP =

— ghli Erpi arbic"d¥ = (5 52 — 5 6! ) arbic"d’ = apcibyd — apd®bd =
= (a, ¢) (b, d) — (a, d) (b, ¢),

4T0 U TPeOOBAJIOCH 110KA3ATh.

16. /lyaabHBbIii BEKTOP

Haitru akcuajibHblil BEKTOP W, JlyaJbHbIH aHTUCUMMETPUYHON 4acTu TeH-

e = 1)~ (4§ ).

Pemenne. Ha C.38 Gbuia naiijiena anrucummerpudnast dacts A = (A4;5) =
_ Tij;Tji — (_91 % _120) .

—2 10 0
Koop/MHaThl  JlyaJbHOIO BEKTOpa BhIUKCIsIOTCs 110 (opmyie: wk =
1 _kij 11 _1ij _ 112 132 _
= 5™ Ay, OTKY/1a w' =5 A =5(e"BA, +ePA)) =
= 1(A, —A,) = 1(-10—10) = —10 (yureno, uro cumpos Jlesn-"Tusurs!

OTJINYECH OT HyJisl JIUIIb PU HECOBIAJAIONNX HHICKCAX). AHAJOrnYHO, w? =

! N —-10
— %82” Az’j = -2, w3 = %532] Aij = 4. Nrak, w = ( _42 )

17. YnopakHeHus MO0 TEH30PHOMY MCYUCJIECHUIO

1. ITycrb Tenzop P = £®Y, a BEKTOPbI € U Y UMEIOT B 6a31ce € KOMIIOHEHThI

1,0,0 u 0,1, 0 coorsercrenno. Haiitu komuonentnl Tenszopa P B Dasuce €

, 12 0
u B Oasuce ¢ = €A, rne marpuna nepexona A. o = (2) 5 —52 , & BEKTODLI
: _ _ : (i
3a/Ialbl CleyonMu KoMnonenramn: 1) € = (z;), y = (y;);  2) « = (2'),

y=(y;); 3) == (), y=(y)
2. Tenzop T = (T” k) 3aJlaH MaTpulilei:

0 () 2 (89)
HaliTi MaTPHITBI CBEPTOK: a) (Tjﬁf'); ) (T/)

3. Tenszopnbl 13, Q uR 3a/laHbl MATPUIIAMU (PZ]) = ? § K )7 (QZ) = (_:1)? )7
(R;) = (2 -83). Boruncaurs céprku: 1) (Pg Q7); 2) (P
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A

HekoTopoMm Gazuce Tenzop P 3ajgan  komnonentamu (P17) =

. Haiitu komnonenTs! Ten3opoB Q, R, T', 1101y YeHHBIX TPAHC-

Hooommw

3 1)
1
1
-1
_3>
3
-2 0
<—1 3 0>
-1-3 0

nomnposamneM P o muzexcam (1, 2), (1, 3), (2, 3) coorsercraenno. Spnserca

A~

qu Ter3op P cuMMerpudHbiM (AHTHCHMMETPHIHBIM) MO KaKOH-1b0 mape nH-

JIEKCOB?
. 2 -4 9
5. lIpeacrasurs rensop T = (15;) = 20 -7 ) B BUJIC CYMMBI CHMMETPHI-
HOTO S M aHTUCUMMETPUIHOTO A TEH30POB.
246
628
462
- ijk 462 .
6. st renzopa T = (T ) = %gi HalTH KOMIIOHEHTHI TE€H30POB
<6 8 4)
462
246

(TR y (TP,

7. Merpuueckuii TeH3op

o}
=

ten3op 1T 3ajlaHbl MATPUIAMU:

D (gi7) = (5 73) (1) = (5 71);
(o) — (3 23). () - (1)
Haiitu marpunpt tensopos: a) (13;); 0) (Ti'j )
8. Merpuueckuii renszop G u rensop T' 3ajatbl MaTpuiamu:

1) (g) = (23), ( f]-k):(
2) (00 = (32). (75) =

Haiitu mMarpuibl TeH30pos: a)

NN TN
RO = =

N — —

— N e

[VSIGLEN 1SN |

~~

Ty 6) (T9,): w) (T3): v (17%).
9. ITocTpouTs reomerpudeckoe n3odbpakeHue (TeH3opHy}0 HOBEPXHOCTDb U J1y-

AJIBHBII BEKTOD) /ISl TEH30POB:
7

. g ~1-1 3-2 3
—_= L)) — -3 6 0 . —
DT =(T) ( 1 —4 5)’ 2) Q= (Qy) = (2—% %)
10. IIpejicraBuTh TEH30PbI B BUJIE CYMMbI 111aPOBOI'O TEH30Pa U JIEBUATOPA;

HalTU NHBapPpUaAHTbI TEH30POB.

. . 6 N ; 1-19
1T:TZ-:(530) 2 :(TJ>:(237>.

11. TlceBporenzop T' Beca M B Gazuce € mpejcraBieH MacCUBOM unces 1.
Haiitu coorBercTByomuii MaCCUB 4rCeI B HOBOM Oasuce €', CBSI3aHHOM CO CTa-

pbIM MaTpuieil nepexoja A. o = A, ecin:



44 II. TEH3OPHOE NCYMCJ/IEHUE

mM:Lim:(%?DaA:Gﬁa
sums =) 4=

12. JlokazaTb TOXKJIECTBA:

1) |[ax 8] x [ex d]| = c(abd) - d(abe);
2)_ bx[exd]| =[axd](b d) - [axd](b,c)
3) |ax [bx [exd]]| = (acd)b— (a, b)[e x d].
. OrBernl
Ly (3 h3) 0 (§4 f@) (F5D)
2-1)a)§%);6)(§);2)a(o), (3).
3. 1)<:g>; 2) (52523); 3) 24.
($:7) (= 93)
o= Gy B=l(ly| T=-P-
(133) (233)

0 -3 —2
< 0 -5 —1)
0 5 —1
3 0 1 ~
= <_55 8—%) . Urax, Tensop P aHTUCHUMMETpPHUIEH IO UHICKCAM
2 -1 0
( 1-3 0)
13 0
(2, 3); mo ApyruM mapaM WHJIEKCOB HET HU CUMMETPUH, HU AHTHCHMMETDHN.
N 2 -1 5 - 0-3 4
5.8 = (5 :(—1 0 0) A= (A :( 3 0—7).
(Sis) 5 0-1/" (Ai) 4 7 0
2 14/3 16/3 \
((888)\ ( 14/3 10/3 6
0-2 0 16/3 6  8/3
_ g 14/3 10/3 6
6 (T[wk]) <8 0 3) ,(T(U’f)) = 10/3 6 14/3
2 0 0 6 14/3 10/3
0 2 0 16/3 6  8/3
(—2 0 0) 6 14/3 10/3
\000) \8/310/36)
10 —4 9 16\, 5 8 11 ~19 12 7
7.1) (), (88 2) (b 4y 2, (S ).

2 -1
8. 1) (Tijr) = 5.5\ 1 T ) = s =4 ). Ykasanue. Iockonbky
(323) (822)
Ka2K/Iblil MHJICKC IIPUHUMAET TOJBLKO 3HaUeHUst 1 1 2, JIErKO IPUMEHUTL hOpMY-

— . S . — S —
1y Kourauposanus Ty = gst_jk 1I09JIEMEHTHO, Haupumep: 17,, = ¢,17, =
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= g1, + 9,17, =2-1+3-1 =05 u 1J. AHAJOI'MYHO, T”k = g»*T" .,
OTKysa, nanpumep, 12", = ¢**1? = ¢"*'1T? , + ¢,,1%,=5-1—-3-(—1) =8.

9. 1) XapaKTepuCTHIECKOE ypPaBHEHWE i CHMMETPUYHON 9YacTH TEH30pa

A3 — 18A% + 99\ — 162 = 0 umeer kopHu (IJlaBHbIE 3HAUYEHUS TEH30DA)
A, =3, A, = 6, A\, = 9. Tenzopnast 10BepXHOCTb — TPEXOCHBII JINICO-
7918

0 —-1-2 _9 _
0. (888) +(5=0) 2 (§38)+ (3 01)

g Y

12. 3) Y ka3 amnune. Oboznadnm: [ax b x [cxd]}]

A - -

1-5s1 KOMIIOHEHTa, BEKTOPa 2 BbIYUCJ/IACTCA KaK
).k | _klm ) _klm n
Zi = €ijk a]y = €ijk a’ € bla:m = €ijk a’ € bl Emnp C dP =
_ . _Imk jb ndp — 516m 6m51 jb ngp —
= €jjk € Emnp A° 01C = \9;9; = 0; 05 )€mnp A" UIC -

= €mnp @' bic"d’ — €y a'by ' dP = a™b; [c X d}m — a'b, [c X d}

i

[To renzopHOMy ucuuCIeHNIO peKOMerIytorest Kauru [6], [10], [20].






Tnasa 111

CHUCTEMBI INO®OPEPEHIIMTAJILHBIX YPABHEHNN

1. Obmiee pelleHne CUCTEMBbI

[TpoBeputb,  dBJsercs  J  ceMeidcTBO  (DyHKIMA <p(t, C,, C’Z),

t € (—o0, 00), C|, — IPOU3BOJIbHBIC KOHCTAHTBI, OOIMM DEIICHUEM CUCTEMbI
J.',‘ —
y

Y5 eciam

a) ¢, (t, C,, C,) = C, (J5h) + C, (030);
6) @,(t, C,, C,) = C, (-5 + C, (33);
B) (Pg(t, 017 Cz) —C ( cost)_|_cf2 (sint)_

1 \ —sint cost

y(t)
= ¢, (t, C,, 02) B Ka)k/l0€ ypaBHEHUE CHUCTEMbI, YOEXKJaeMCsi B TOM, YTO

Pemenne. a) [lojcraisisi  KoMIOHeHTHI  Bekropa — &(t) = (m(t)) —

P, (t, C,, C’2) BOOOINE He SABJAETCS PEUIeHUEeM CUCTEMbI, IIOCKOJIbKY He

obOpalliaer ypaBHEHKSI B TOXKJIECTBA:

—C|sint — 2C,sin2t # —C| sint + C, sin2t,
—C, cost + 2C, cos2t £ —C, cost — C, cos2t.

6) [TojcraHoBKOI B CUCTEMY (9, BMECTO & HOJIyYaeM:

—C|sint + 20, sint
—C| cost + 2C, cost

—C| sint + 2C, sint,
—C| cost + C, cost,

T.C. P, ABAderTcs peumenunem cucrembl. Ho o6unm 310 peinenue

OyJeT JIMIb 1P YCJIOBUK, YTO 10 JIIOObIM HauYaJbHbIM ycsoBusim &(t,) = & =

= (?) , t, € (a, b), MOKXHO HA{TH, IPUTOM €JUHCTBEHHBIM 06D a-
2

3 0 M, KoHCTaHTbI C'

5> IIPH KOTOPBIX & = @, (t, C,, 02) eCThb pellleHrue CUCTEMBI,

YJIOBJIETBOPSAIONIEE Haua/lbHbIM yCIOBUAM: @, (t, C,, C’2) li=t, = &. Ilepeiiném
JIBYM CKaJISIDHBIM yPABHEHUSIM:

C, costy — 2C, costy = &,
— C|sinty + 20, sinty = &,.

[lonyunnach cucrema u3 JIByX JUHeRHbIX ypasHenuil ornocurejbno Ci o. Ilo-

costyg —2costy

_sinty 2sinty | = 0, cucrema umeer He e U H -

CKOJIBKY €€ olpeJie/TuTesib A = ‘
crsennoe pewenne. Urak, x(t) = ¢, (¢, C,, C,) ectb perienne nexoiHoil
cucreMbl JindpdeperiaibHbIX YypaBHEHWUH, HO ODIIUM pPEeleHueM OHO HE SIBJIsi-

eTcHd.
46
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B) AmHaJOruvIHON TIPOBEpKOi ybexkjaemcs B TOM, 4ro dyHKnusa & (t) =
=@, (t, C,, C’2) obpalraeT KazkJioe ypaBHEHME CUCTEMbI B TOXKJIECTBO; IIPU 9TOM
KoHCTaHTbl C| , ONpPeJIesIsAoTes O J{H 03 H & 4 H 0, IIOCKOJIbKY CUCTEeMa

C, costy + C,sinty = &,
— C|sinty + C, costy = &,

MMeeT eJlMHCTBEeHHOe pelieHue (A = cos?t, +sin’t, = 1 # 0). Nrax,
x(t) = ¢, (t, C,, C’2) ecTb 00 I ee pelleHne UCXOAHOM cucreMbl auddepen-

NHuaJIbHBIX ypaBHeHI/Iﬁ.

2. Metoa MCKJIIOYEHUS

MeTomoM HCK/IIOYeHUsT HARTH 0DIIee pelieHne CUCTeMbl

r—1_1
{v258 2)

y—x

1 JacTHOE pelleHue, yJ/I0BJIeTBOpsAoIee HauaJdbHbIM YCJIOBUIM
y=—1,z=1 npu z=0.

Pentenne. Ilpojuddepeniiupyem 1o x Bropoe ypaBHEHUE CUCTEMbI:

- 1 r_
— (y_x)Q (y 1).

YT00bI UCKIIIOYUTH U3 [MOJYUEHHOIO ypaBHEHUS y U ¥y, 3aMEHUM B HEM —— U
Yy—x

2
VA

(y' — 1) ux suauennsmu cornacto (2). omyunwm:

S — (Z,)2%.

[lepexona K 3ammcu

Z” ZI

)
z! z

HaXOJ[UM 00ITiee pelieHne JaHHOr0 yPaBHeHNUSI:
!/
2 = 0Oz,
OTKY/1a
2= Ce4”,

Jlist HAXOXKJICHUs Y BOCIIOJIb3YEMCsl BTODbIM U3 ypaBHeHWi (2) u HaiiJieHHbIM

S3Ha4YCHUEM 2

1 1
e T,



48 [II. CHCTEMBI IU®®EPEHIIMAJIBHBIX Y PABHEHIT
Urak, 006111 ee pemienne CHCTeMbl (2) ecTh

_ 1 —C x
Yy = $+01C26 e,

z = C,eh”,

(3)

Pemmm reneps nocrasiennyto 3ajgady Komu. [ojgcrasisiem B (3) Bmecro z, y

U z UX HavaJibHble 3Havyenus 0, —1 u 1:

1

]l = —
C.C,’

1=C

29

orkyna C, = —1, C, =1, Tak 9T0 1aCTHO € DPEeIIeHne CUCTeMbI (2) ecTb

y=x—e€", z=e¢ "

3. Meroa mHTErpupyeMbIx KOMOWHAIIi

Pemurb MeToji0M UHTErpUPyeMbiX KOMOUHAIUMN CUCTEMY

dy__ = o d=__y (4)
o (z-y)" dv (z-y)

Pemenwne. /I Haxox ieHWs MHTEIPUPYEMbIX KOMOUHAIMI [TepeInIIeM CH-

CTEMY B CUMMETPUUHON popme

dy dz dx

: Ty =
(z=y)*  (z-p)?

2
YMHOXKUM BCe 3HaMeHaTeJ U Ha, (Z — y) .

dy dz dx
P_ZE_ )
z oy (2-y)

OJ1HO M3 MHTErPUPYEMbIX KOMOMHAIKHE OyJ1eT, 0UeBH IHO,

%_dz

Y

z Y

OTKY/Ia MOJYy4aeM MEepPBbIil HHTErpaJl CHCTEMbI:
y? — 22 =C2 (6)

Jluist 110J1y 9€Hnst BTOPOii MHTErpupyeMoil KoMOUHAIMY BbluTeM B (5) U3 unciiu-
TeJisl ¥ 3HaAMEHATeJIs TIepBOil IpodK COOTBETCTBEHHO YUCIUTEb U 3HAMEHATETh

BTOPOIi JIpo0du:
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Orciojla HaxXOAUM eIné OJMH IIePBbI HHTErpaJi, OYeBUHO, HE3aBUCHUMBIHA OT

HAWJICHHOIO BbIIIIE:
2:1:—!—(3/—2)2:02. (7)

CoBokynHoCTh TepBBIX HHTEeTpaoB (6), (7) aBisgercs o6 MM ¥ H-
TerpaJom cucrembl (4). Tem cambim €€ unrerpupoBanue 3akonueno. B rpéx-
MEPHOM IPOCTPAHCTBE KayKJIblii 13 mepBbix uuTerpaion (6), (7) ompemenser
ceMelicTBO MO Be p X HO ¢ T e ii. [lepeceuennem BCIKHX ABYX MOBEPXHOCTEN U3

IEPBOIO 1 BTOPOIO ceMeficrBa siBJsiercs (1pu npousBosibHbIX 3nadennsx C,

C

,) MHTerpaJjibHas Kpupas cucrembl (4).

4. JImHeitHasdg OMHOPOJAHAS CHCTEMa C IIOCTOSHHBIMU
Ko bunuenramn
Haiiru obiiee perieHue cucrembl
3—?:—4;6—0—21;—}—52’,
Y= 6r—y — 6z, (8)

%:—8x+3y+9z.

Pemenmne. Xapakrepucruieckoe ypaBHeHUe

—4—\
‘ 6 o 6 =0 wm A _4NZ4BN_2—=0
-8 3 9—\

uMeeT Kopau A, =2, A, = 1.

XapaKTepucTniecKoMy 4ucily A, = 2 COOTBETCTBYET COOCTBEHHbIH BEKTOD

2
Tenepb mocTporM YacTHBIE PelIeHus, COOTBETCTBYIONIUE ABYKPATHO BBIPO-

1 1
all) = ( —% ) , TAK 4TO [IEPBOE YaCTHOE PelleHe BbIIVIAINT Kak X | = ( —2) e?t.

JKJIEHHOMY XapaKTepucTudeckomy 4uciay A, , = 1. IIx Hajio uckath B BUje

x(t) A1t+A2
X ={(v0) | =|Bt+8 |e. (9)
2(t) C t+C,

(cTemeHb MOMMHOMOB B CKOOKAX Ha, €JIMHUIY MEHbBIIE KPATHOCTH BBIPOXKJIE-
HUS ).

Kosbdunuenror A, A, ..., C, naiijém, nojcrasisisi npobubie dyukiun (9)

B cucreMy (8). Ilocne cokpamenust Ha €' M MEeperpynnupoBKH NMEEM:

At + A + A, = (44, + 2B, +5C))t — 44, + 2B, + 5C,,
Bt + B, + B, (64, — B, —6C))t + 64, — B, — 6C

1 2 2
C,t + C, + C, = (~8A, + 3B, + 9C,)t — 84, + 3B, + 9C,.



50 I1I. CUCTEMBI JIN®OEPEHIINAIBHBIX YPABHEHUI
[TpupaBauBasg KO3pDUIUEHTHI IIPU OJIMHAKOBBIX CTEICHSX t, IIOJydaeM CHCTe-

MYy:

~54, + 2B, + 5C
~ 2B, — 6C
+ 8C
+ 5C,
~ 6C;
+8C, =

=

H
Il
coco

?

=

Il
Qe

1?
17
1?

orkypa A, =C,, B, =0, A, = C, + C,, B, = 3C,, upuuém C| u C, upous-

Bosibibl. Pemtenne (9) npunnmaer Buj

M

r=(Ct+C +C)e, y=3Ce, z=(Ct+C,)e".

[IpubaBiias K 3TOMY PeIIeHuto B3ATbII ¢ IPOU3BOJIBLHBIM MHOXKUTesleM O, Bek-

Top X ,, noJiydaem obiee pernienne cucreMol (8):

Cye*t + (Ct+C +C,)e,
—2C,¢e* + 3C ¢,
2C,e*" + (C t+C,)e".

SIS
(|

5. JlunaeiiHasg HeOAHOPOAHAHA CHCTEMA C IIOCTOSHHBIMU

Ko bunuenramn
Haitru obiiee perieHue cucrembl

{3—::2w+y+2et, (10)

Y= x4 2y — 3ett.

Pemenwme. Haxojim KOpHU XapaKTepUCTUUYECKOI'O yPABHEHUSI COOTBETCTBY -

IOITEeil OJTHOPOIHON CAUCTEMBbI:
A0 =0, N —4x+3=0, X =1, A, =3

Obr1iee pereHne OJTHOPOIHON CUCTEMbI

S]]
|

C, et + C, e,
= —Ce + C,e*.

<
|

X—(5)=C (De+a (et =

B cucreme (10) HeopHOpOJHAST YACTH HE  SBJISIETCst € J{M H bl M
KBA3UIIOJMHOMOM (B CaMOM JieJie, OHa BKJIIOYAET SKCIOHEHTHI C P a3 H bl M U
MOKA3aTe/sIMU, ITO HEBO3MOYKHO B OJJHOM KBA3HUIIOJUHOME ).

B coorsercrBuM ¢ UPUHIMIIOM CYIEPIO3ULMKA PEIINM  OTJeJIbHO  JI B €
HEO/LHOPOJIHBIE CUCTEMDb:

T =2z + y+2€, " T =2z + y,
y= x+ 2y y = x + 2y—3et.



6. YIIPA2KHEHIY 110 CUCTEMAM AN®PEPEHIMAJIBHBIX YPABHEHNI

s nepsoti cucmemot:
Konrposbnoe auciio
t=a+if=1=\;
KpaTHoCcTb coBIIaJieHus t U A:
s=1; m=0;

m+s=1.

YacTHoe pelrerune nepBoi
HEOJ[HOPO/IHOM CUCTEMBbIL:

z, = P (t)e' = (a, + a,t)e;
g, = Q,(t)e' = (b, +b,t)e

s emopotll cucmembl:
Konrposbnoe auciio

t=a+if=4F A

KpaTHoCcTb coBIIaJIeHUs t U A:

s=0; m=20;
m+ s = 0.

YacTHoe pelrerue BTOPOit
HEOJ[HOPO/IHOW CUCTEMDI:
7, = R (t)et = a,e*;

- R Pat

g, =T, (t)e* = b,e™.

51

3ech 6ykBbl P, @, R, T' ¢ unjekcamu 0003HAYAIOT TOJTMHOMbBI COOTBETCTBYIO-

el MHJIEKCY CTEIEHU C HEOIpPEeJIeJIEHHBIMU KoM MUIUEHTAMU; &

1,2,3)

neoupejiesnénuble Koaddurnuentsl. [logcrasnaa ¢ = =, + 7, = (a,1 + a2t) el+

ta,et uy = g 49, =

orpejesaeHus Ko3pOUIueHTon

—a, + a, - b =2,
a, + b, — b, =0,
a, + b, =0,

2a, - by, =0,

a — 2b 3

3

3 neé naxogum: a, =0, a, =1, a, =

~1, b =—1,b, =

~1,b, = -

(b, + b,t)e + bye* B (10), nouyuaem cucremy s

OkoH4YaTeIbHO, 00IIee pelIeHne NCXOHON HeOIHOPOIHOM cucTeMbl jiudde-

peHIINaJIbHbIX ypaBHeHI/Iﬁ 3allullieM B BUJIE:

z(t) =7+ =C.é

6. YmpaxkHenusd 1m0 cucremam andepeHImaibHbIX ypaBHEHNI

[Tposeputhb, siBjisiercs Jji (PYyHKIUS ) 1IEPBLIM UHTEIPAJIOM CUCTEMDI.

) = e lry; 6){3.3_%6j5

y =

_ait Y=z+y-—t

z+y’

1.

2
{:y:v;
) {55

<R &

4O, et — M
C.edt — (t+1)e’ — 2e*.

—I

2. MGTO,ZLOM HNCKJIIOYCHUA pellInuTb CUCTEMDbI:

: : T = —xty+z,
a) T4y = t2‘+6t+1, . 6) i = :v—gz/J+z .
y—x = —3t?+3t+1"’ L m_l_y_z’ '

b= e e
= 3z-y—z,
B) y = —x+3y—=z,
zZ = —z—y+3z.

3. MeTojioM HHTErpupyeMbIX KOMOMHAIINN PELINTh CUCTEMbI:

b= Y N
z—y’ ., r = Slnx Cosy, .
a){j/: L 6){y:cosmsiny’ B){
z—y

) dt _ de _ dy. e) _dz
A 2—ax2—y? T 2tx ~ 2ty’ 1+/z—z—y

- 3t—4y
) w_2y73a:’ R
__4x=-2t »

y= 2y—3x

ete =

ety =

dy dz
5 -

)

1

Y.
1
z
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4. Cn

/—/H

III. CUCTEMBI AN®PEPEHIIUMA/JIBHBIX YPABHEHUI

OMOIIBIO ITOJCTAaHOBKU 9Mﬂepa pemnuTb CUCTEMDI:

r = 2z + vy, T = 2z —y + 2z, T =-2z+y — 2z,
y= x + 3y — 6){y— T +2z, B){y—x—2y+2z,
z:—x+2y+3z z="20+4+y— z z=3r —3y+ 5z.
5 BapI/Ia,IlI/IeI/I I[IPOU3BOJIbHBLIX INOCTOAHHbLIX PEIINTHL CUCTEMbI:
+ ¥ ¢ + tsht, 6){m—y, B){x—y+tgt1,
+ 2 + tsht ) y=z+ 3 L+t Yy =-—x + tgt.

{a:—:n
y=1y

6. MeTo,zLOM QDitsepa pelInuTh CUCTEMBbI:

x-m—y+4cos?t .
y =3z —2y + 8cos2t+5sin2t ’

7. OrBeThbI

T = 2r — y, T =-5r — y + €
6) {y——x+2y 5etsint ? B) {g): r — 3y + et

1. a) na; 6) mer; B) ja.

2.a) x =C sint+ C,cost +3t2 —t—1, y=—C cost+ C,sint + 1>+ 2;
6) = Ce' + C,e™*, y=Ce +Ce ™, z=Ce - (C,+C,)e %,
B) . = Clel + Ce™t + C.e* + C e, Yy = C’le + C,e™t + Cse + Cge ™2

z = Clet + C’ze_t — (03 + C5)€2t — (04 + C@) B

3a) {0

_y2 = Cl’ . 6) tg%ﬂ = Clet, ) B) Y = C T,
y+t = C, 7 tgisy = 02675 ) Clx = C,—2e" 3

) { 2.’1}+3y+4t - Cl’ ) { 332—|—y2 = Cl.’ﬂ—t2, . ) { Z_2y = 017
)

332—|—y

2+t2:C2;

Y =Cyz 2/z—x—y+y = C

4.a) z = Ce* +2e¥(C, cost — C,sint), y=2¢((C, — C,)cost — (
+C,)sint), z = C,e*((2C, + C,) cost + (C, — 2C;) sint);
6) = 4(C, cost — C,sint), y=2Ce" +4(C,cost— C,sint), z=Ce'—

—2(C, + C,)cost — 2(C, — C,) sint;

B)x = —Ce¥ + (C,—2C,))et, y=Ce*+Ce™, 2=3Ce*+ Ce".
5.a) z = £(Cle' + C,e™") + t*cht, y=L(Ce' — C,e™") + tsht;

6) z =Cle' + C,e”" — Int, =Cel = Cye™ — 1

B) x = C| cost + C, sint—|—tgt y=—C, sint+ C,cost + 2.
6.a) v =2e” W(C cos‘[t—|—C’ sm‘[t)—|—20082t—|—381n2t

y = et/

0)z=C,

[To cucremam juddeperinaibibix ypaBHeHuii pekoMen 1y orest Kauru [12]-

((301—\/_C)cos—t—|—(\/_0 —|—30)sm‘[ t) + 7sin 2t;

19], [21].

el + C,e? +el(2cost —sint), y = Clet — C,e3 +ef(3cost +sint);
z=eC +Ct)+ e —xe? y=—eC +C,+Ct)+5¢e + e

J

C,+

2

B)

2t



Cnasa IV

JIEMEHTHI TEOPUI YCTONYMBOCTHI

1. Ompenenenne ycroitanBocTu mo JIamyHoBy

r = —ux,
UccnepoBarh yeroituuBocTh pernerust 3aa4n Korm { §y = -2y,
z(0) = y(0) = 0.

Pemenune. O6mee pemenne cucrembr ects x(t) = Cle ™ y(t) = CLe”
YacrHoe peleHre CUCTeMbl, COOTBETCTBYIOIIEE [MOCTABJICHHBIM HAYAJbHBIM
yeaosusm z(0) = z, = 0, y(0) = y, = 0, ectb mysnesoe pemenne z(t) = 0,
y(t) = 0. Ero ycToitunBOCTD 1 HAJIO UCCIIEIOBATD.

Ms3mMenum navasnbhbie yeaosust: z(0) = £, # 0, y(0 ):y~0 #0; HoBOE

~t)
( ) - yo

Bosbmém mpoussosibHoe € > 0 1 mokaxeM, 9to cymectsyer d(g) > 0 Takoe,

qacTHOE peleHue cucreMbl Oyjer Z(t) = Z,e

97O IPU | "'0 0| < 0, |gj’0—y0‘ = |gj0—0| < 0 (T.e. IpU MAJIOM OTJIHTIHN
HauaJIbHBIX YCIIOBHUIT) ClpaBe InBbl Hepasencrsa |2(t) —z(t)| = |4,e7—0| < e,
|5(t) — y(t)| = |g,e7 — 0] < & nnst Beex Momenros Bpemenn ¢ > 0.

_2t| < 1 upu t > 0, g0ocTaTo4HO

elicTBUTEIbHO, MTOCKOTBKY |e_t| <1, ‘e
B34Th 0(€) = £, 4T0ObI YKa3aHHBIC HEPABCHCTBA BBIIOJHAIHACH.

Urak, nysnesoe perienne yctoitauuBo no Jlsainyuosy. Bojsiee toro, 1o-

CKOJIbK lim|§: t)—x(t)] =0 u lim|~ t) —y(t | = 0, 910 pelieHue a cu M -
y lim |Z(t) — «(t) Jim [ () — y(t)] = 0, s10 p

NTOTUYIYECCKHN YCTOUUIUBO.

2. IIpocreiiimme TUOBI TOYEK MOKOS. Y 3€J1

Ompegemuts tun ocoboit Touku (0, 0) # MOCTPOUTH CeMECTBO MHTEIPAJIH-

. =2
HBIX KPUBBLIX B €€ OKPECTHOCTH JIJIs1 CUCTEMbI { ;j — 1 iz’
Pemenne. XapakrepucTuieckoe ypaBHEHUE | 2?\ 43 N | = A2 —6A+5=0
umeer Kophu (zaparxmepucmuueckue wucaa) A, = 1, A, = 5 — jeiicrBuresib-

HbIe, pas/udHbie, nojokuTesbHbie. CaepoBaresbio, ocobas Touka (0, 0) ecrb

HEYyCTOUYIYUBLIH y3el.
53



54 IV. JIEMEHTBI TEOPUM YCTONYUBOCTH

W(?) W)

. T =

a) 0)

Puc. IV.1. Heycroitaussiii y3ea (a) u cego (6). [Ipavosnuueiinbie TpaekTo-

puu OlpeIe/sioTcsd COOCTBEHHBIMU BEKTOPAMHU.

CoorBercrByiolye XapakKTePUCTUIECKUM YUCIaM A, A, COOCTBEHHbIC BEK-
Topbl cyth €, = (1), e, = (1). Hepes rouky (0, 0) upoxomsr jpe nupsamosn-
HEHBIE TPACKTOPHUHN, HAKJIOH KOTOPLIX OIPEJENIAeTCs COOCTBEHHBIMU BEKTOPa-
vu. Bee tpaekropun, 3a uckiodenuem oguoii, numeior B touke (0, 0) oburyio
KacaTesibHyT0, WIYILYI0 BJI0JIb BeKTopa €, (Hockobky [\ | < |A,]). Oxna tpa-

eKTOpHst lapaJuiesibia e, (cm. puc. [V.1a).

3. IIpocreitmmue Tumnbl Tovek mokos. Censio

Onpegiesturs tui 0coboit Touku (0, 0) 1 mMoCTpouTh CeMeicTBO HHTErpaJib-

.. — 37 — 4
HBbIX KPUBBIX B €€ OKPECTHOCTH JIJIsI CUCTEMDI ; - 3; - 23’
3-A —4 | _ 2 _
Pentenne. Xapaxkrepucruieckoe ypaBHEHKE | 1" 9o ‘ =AN=-A=-2=0
nMeeT KOpHH A\, = —1, A\, = 2 — neficTBuTesnbHBIE, pa3noro 3Haka. CrenoBa-

TesbHo, ocobas touka (0, 0) — cepiao.

Coorsercryiomue A, A, cobersennbie sektopbl €, = (1), e, = (1) onpe-
JEJISITOT JIBE TIPSIMOJIMHEHBIE TPAeKTOPUKM — cenapampucol cejia. [1o nepsoit u3
HUX JIBHZKeHne nponcxoaut B Hanpasiaennn touku (0, 0) (mockombky A, < 0),
110 Bropoit — ot Heé (cM. puc. [V.16). Ba uckiodeHuem 9Tux JIBYX, BCE OCTasb-

HbIE UHTEIDAJIbHBIC JIUHUK — KpPUBbIE (IU1epboJIbl ).

4. IIpocreiinine Tunbl ToueK mokos. Pokyc

Onpegiesiurs tui 0coboit Touku (0, 0) 1 mocTpouTh CeMeiicTBO HHTErpaJib-

x + 3y,

HbIX KPHUBbLIX B ee OKPECTHOCTHU JIJIel CUCTEMbI — _6z — by

Pentenne. XapakTeprucTuieckoe ypaBHEeHHe

- _ )2 —
A 3 =X+ +13=0



5. IPOCTENIINE TUIIBI TOYEK IIOKO4. LIEHTP 55

\y(t)

\) x(7)
\ a)

Puc. IV.2. @okyc (a) u Heycroituusblii BEIpoXK 1eHHbI y3e1 (6).

()

x(%)

Puc. IV.3. [entp.

MMEET KOMILIEKCHO COLPsAXKEHHbIE KOpHM A, , = —2 *£ 3¢ ¢ orpuna-
TeabHOIl neiicrBuTenbioii dactoio. CrenoBarennio, ocobas Touka (0, 0)
— ycToituuBbl it dokyc. g BolACHeHUs HAllpaBJICHUSA 3aKPYINBAHUA
MHTErpasibHbIX KPUBbBIX (CrUpaJieii) J0CTaTOuHO MOCTPOUTH BEKTOP CKOPOCTH B
IPOMU3BOJILHON TOUKe, HarpuMep, B Touke (0, 1); coracHo nexoHoi cucreme B

meit * =3, y = —>5 (cm. puc.1V.2a).

5. IIpocreiinmme Tunbl ToYek mokKod. lleHTp

Onpegiesiurb tui 0coboit Touku (0, 0) 1 mMocTpouTh CeMeiicTBO HHTErpaJib-

.. = _9p —
HBIX KDHBBIX B €€ OKPECTHOCTH JUIst CHCTEMbL § & - 23
Pentenne. Ypashuenue |_22_/\ 2__5/\ = A 4+ 6 = 0 uMeer KOMILIEKCHO CO-

NPSKEHHBIC KOPHE A | , = +iv/6 ¢ 1 yJeBoil jeficrBurenbHoil qacToio. Coe-
noBaresibio, ocobas Touka (0, 0) — men T p. s Boisacnenus: GbopMbl nHTe-
IpaJIbHbIX KPUBBIX (JLIMIICOB) U HAIDABJICHUSI JIBUXKEHU 110 HUM DEKOMEH Ly~
€TCsd HapUCOBATL 110JI€ HAIIPAaBJICHUH, IIOCTPOUB JIOCTATOYHO MHOI'O BEKTOPOB

ckopoctu Ha GazoBoii miockoctu (cum. puc. [V.3).
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6. IIpocreiilnine TUNbI TOUEK MOKOsdA. BBIPOXK/IeHHBI y3eJI

Onpegiesturs tui 0coboit Touku (0, 0) 1 mMocTpouTh CeMeiicTBO HHTErpaJib-

HbIX KPUBBIX B €€ OKPECTHOCTH JIJIsi CUCTEMbI z - i‘i _I-': z
Pentenne. Ypasuenue |3__1/\ 11/\| = A — 4\ + 4 = 0 umeer 2-KpaTHBIH
MOJIOYKUTEBHBIN Koperb A, , = 2. Criegosaresnnio, ocobas Touka (0, 0) —

HeyCTONUNIYUBDLIH BBIPOK TEHHBI# y3eJs EIUHCTBEeHHBIH COOCTBEH-

HBI BEKTOD, cooTBeTCTBYIONME A ,, ectb Bektop € = ( _1). Ou oupejessier

1,27
IPAMOJIMHEHHYIO TPAGKTOPUIO Y = —&, KOTOPOil KaCaloTCsd BCe OCTaJIbHbIE WH-
terpasibabie kpusbie B Touke (0, 0) (em. puc. [V.26). g yrounenus Buja da-

30BbIX TPACKTOPUIl PEKOMEHIYeTCs IMOCTPOUTH HECKOJIBKO BEKTOPOB CKOPOCTH.

7. UccnenoBaHue Ha yCTOMYUBOCTDH MO IIEPBOMY MPUOJJINKEHUIO.

PDa30BbIil TOPTPET CUCTEMBI

[Toctpours hazosbiit noprper cucreMbl JuddepeHinaibHbiX ypaBHEeHui

U

Pemenne. @azosuiii nopmpem cucTeMbl — 3TO CTPYKTYypa pa3duenust ¢pa3o-

4,
ig I y? —17. (11)

BOI'O IIPOCTPaHCTBa Ha (a30Bble TPACKTOPUU. Pernalonyio posb B HOCTPOCHUY
baz0BOIro HOpTPETA UIPAIOT 0CODbIE TOUKU U CelapaTpuchl céjed [22],

[Tonoxkenus: paroBecus: (ocobble Toukm) cucreMpl (11) ompesesnsaiorcs Kak

zy + 4 =0,
22 + y?-17 = 0.

nokost: A(—1, 4), B(—4, 1), C(1, —4), D(4, —1).

Ucciejiyem xapakrep 0coObIX TOYEK 110 IEPBOMY HTPUOJIMKEHUTO, PACKJIAbI-

peleHust ajredOpandecKoil CuCTeMbl { [lonygaem deTbipe TOUKH

Basl MpaBble YaCTH yPABHEHUIl HCXOHON CHCTEMbI {; - J;}((Z’ Z;))’ B OKPECTHOCTH
= f,(=,
TOUEK MOKos (T, Y,) B psajanl Teitmopa
Ofi Ofi
filz, y) = filz,, y,) + T —T,)+ = y—y,)+ ...
Z( ) W—’Z( 0 0) Oz (:I/'ano)( 0) dy (»’Uo;yo)( 0)

=0
B TOYKE I10KOS

1 OMPAHMIKMBASICH JMHEHHBIMEI OTHOCUTEIbHO (T — ), (Y — y,) claraeMbiMu.
Capurom Havasa orcuéra © — x, = &, Yy — Yy, = 1 € yIETOM OYEBUJHOIO

COOTHOIIEHUsT ¢ = &, Yy = 1) HepeiiéM K HUCCJIeJOBAHAI0 YCTORINBOCTH TPUBHU-

of
ox

af.
=32

of
Oy

(zo0,y0) M

aspioro permenus (€, n) = (0, 0) JuHEAPU30BAHHOI CHCTEMBI
f (zo,yo0)

§+3—,V;

(zo,yo) (zo,Y0) -



7. HICCJIEAOBAHUE HA YCTOMYUBOCTD II0 IIEPBOMY IIPUBJIMKEHIIO 57

1 V()

Puc. IV.4. llocrpoenune ¢a3oBoro nmoprpera CUCTEMbl B JIMHEHTHOM ITPUOTHKEHIH.

P&CCMOTpI/IM [mocjie10BaTeJIbHO BCE€ TOYKHM ITOKOZI.

TOUYKA A(—1, 4). Beruncisiem dacrHbie 1pOU3BO/IHbBIE:

(%(:L'y—l—ﬁl)‘A:Zl, %($y+4)|A=—l,
BT+ = n Bt 1D

Cucrema 11epBoro npudJIMKEeHus:

46 -1
_25 + 8,,7 (12)

(el e {§
(BBemennl HoBbIe mepemennpie £ = ¢ + 1, n = y — 4). XapaKTepuCTHIECKOe
ypaBHEHUE |4__2/\ 8__1/\| = A2 — 12\ + 30 = 0 umeer kopuu A, =06x V6. Tlo-
CKOJIbKY XapaKTePUCTUUCCKHUE TUCJIa — JACHCTBUTE/IbHBIC, DA3IMIHBIE, [T0JIOXK -
TesbHble, 0cobas Touka A(—1,4) meycTOil 1 uBa U IS JTUHEAPUZOBATHOIN
cucrembl (12) asisgerca y3mowm (cm. puc. [V.4). XapakrepucTuiecKuM dnc-

JaM A, , COOTBETCTBYIOT COOCTBEHHbBIC BEKTODbI €, = (—2j2\/6 ) R~ (0L425) u

€, = (_2__2\/6) ~ (_i’§5). Bcee dazosble TpackTOpun, KpoMe OJHOM, KacarTes
B TOUKe A IPsIMOJIMHENHHON TPaeKTOPUHU, HAKJIOH KOTOPOi OLpe/e/sieTcs BeK-

Topom e, (Tx. [A,] =16 — V6] < |X,| =16+ V6]).
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To4YKA B(—4, 1). Hacrable npou3BojHbIC:
%($y+4)|B: L, %(l‘y—l—4)|B: —4,
BG4 - 1M]= -8, By~ 1T),=2
Cucrema 1mepBoro IpubJIMKEHMS:

{; (e+) —4(y-1), {éz ¢ —dn, (13)

= —8(z+4) + 2(y—1) H = —8¢ + 2.
XapaKTepucTHIecKoe ypaBHEHHe 1__8)‘ 2__4>\| = A2 — 3X — 30 = 0 umeer Kop-
mn A, = 3Ev120 V2129 . ITOCKOJIbKY XapaKTepucruiecKue Yncia, — JAeficTBUTeIbHbIE,

Pa3HbIX 3HAKOB, ocobast Touka B(—4, 1) HeycroidyuBa u st JUHEApU-
soBamnoil cucremnl (13) aBistercss ce oM (em. puc. [V.4). Xapakrepucru-

9eCKUM TUCTAM A, , COOTBETCTBYIOT COOCTBEHHBIE BEKTODHI €, = <_1f1V6129> ~

~ 10736 — —1—+/129 ~ _12736 1 1 1
~ () ue, = ( Vs ) ~ (7155°). Mo npsamosnneitnoit pasosoii rpa-

€KTOPUH, HAKJIOH KOTOPOW OIIPEJIeIsieTCsl BEKTOPOM €,, MaTepuaJsibHas TOYKa

3+v129
2

COOTBETCTBYIOIIEH €, — CTpeMUTCs K Helt (T.K. A, =

> 0); Mo TpaekTopuy,
3—1/129
=y <0

yxoqut or ocoboit toukn B(—4, 1) (T.k. A\, =

TouKA C(1, —4). Cucrema nepBoro npubJIMKEHHUSI:

{x = —4(z-1) + (y+4), VLTI {f = —4E+ 1, (14)

y= 2@-1) —8(y+4) = 2§ - 8.
XapaKTepuCcTHIecKoe ypaBHeHNe | _42_/\ _81_ \ ‘ = A24+12)+30 = 0 umeer KopHU
A, =—6=% V6. TIoCKONIBKY XapaKTepUCTHIeCKHe THCIa — JeHCTBUTEIIbHDIE,

pasJsiMyHble, orpulaTebhbie, ocobas Touka C(1, —4) ycroiiuuBa u s
JIMHeApU30BaHHOi cucrembl (14) sBisiercst y 3y 0 M (cm. puc. IV.4). Xapakre-

pUCTHYECKUM 4YHCJIaM )\56 COOTBETCTBYIOT cOOCTBEHHDIE BEKTOPbL €, =

— (2+2\/f_3) ~ (%) ue, = (2—2\/6) ~ (7%"). Bee dasosble TpaekTopuH, Kpo-
Me OJIHOM, KaCaloTCsi B TOUKe A IPAMOJIMHETHON TPaeKTOPUU, HAKJIOH KOTOPOii
oupejessiercs sekropoM e (tk. [\ | = | — 64+ V6] < [A\| =|—6—6]).
OTMeTnM KOJIJTMHEAPHOCTh COOCTBEHHBIX BEKTOPOB €, U €,, & TaKXKe e, U €,
mutst ocobpix Touek A(—1, 4), C(1, —4).

TOo4dKA D(4, —1). Cucrema 11epBoro npubJiKeHus:

P T fe et
{g): 8(z—4) — 2(y+1) M {7',: 8¢ _22. (15)

XapaKTepucTuIecKoe ypaBHeHe | _18_/\ _24_ N ‘ = A2 4+3)\—30 = 0 uMeer KopHH
Y . =3+v129
- 2

- . [lockonbKy XapaKTepuCTUUEeCKHe JUCIa — JIeCTBUTEIbHbIE,
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Puc. IV.5. Tlose nanpasienuii jist cucrempr (11).

Pa3HbIX 3HAKOB, 0cobast Touka D(4, —1) HeycTouuBa ¥ Jis JMHEADK-
30BaHHOl cucrembl (15) siistercst ce guom (em. puc. [V.4). Xapakrepucru-

YeCKUM 4HCIaM A, , COOTBETCTBYIOT CODCTBEHHbIC BEKTODPDLI €, = (1+V16129) R~

7,8
~ (12,36 — (1-v/129) ~ ( —10,36 R = _
~ ( T ) n e, = ( Y ) R~ ( T ) Ilo mpsamonuueiinoit dhaz3oBoil Tpa
EKTOPUH, HAKJIOH KOTOPOW OIPEJIeJIsieTCs BEKTOPOM €7, MaTepHhaJ/ibHas TOYKa
yxoaur or ocoboit Touku D(4, —1) (r.k. A\, = _3% V129 > 0); 1o rpaexropuu,
COOTBETCTBYIOIEH €,, — CTPeMHUTCS K Heil (T.K. A, = _3% V129 < 0). Ormerum
KOJUINHEAPHOCTH COOCTBEHHBIX BEKTOPOB €, U €,, a TaKxXKe €, U €. JIJId 0COObIX

rouek B(—4, 1), D(4, —1).

Urak, B paMKax 1epBoro npuo/mKeHus Ha (pa30BOii MJIOCKOCTH O T JI € JI b -
H O IIOCTPOEHBI (DA30BbIE TPAEKTOPUH B OKPECTHOCTH KarKIOH U3 0CODBIX TOUYEK
A, B, C, D (puc.IV.4). Mbl Bujjim, 4T0 HAlDABJICHUE JIBUKEHUS COIIACOBAHO
JIUISI PA3HBIX TPACKTOPHIA.

«CmnTh» MOJydIeHHbIE TPACKTOPUHU U MOCTPOUTH €JIUHbBINA (ha30BbIil OPTPET
MCXO/IHOM cuctembl (11), He orpaHUYUBasiCh JIMHEAPU30BAHHBIMU 33/[a4aMU, BO3-
MOXKHO TOJILKO 4ucjeHHbiMU Merojamu. Ha puc. IV.5 upejicrasieno moje Ha-

npapsieruii cucremspr (11), mMoyIeHHOE ¢ MOMOTIBIO PACIETa, B BLIYUCTUTEBHOM
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nakere MAPLE 1. [IpsMosuneiinble u 6eCKOHeUHbIe B JIMHEHHOM [PUO/IMKEHIN
TPACKTOPUU CENeT (CemapaTpruchl) U y3JI0B M3TUOAIOTCA U HEKOTOPBIE M3 HUX

puodpeTaroT KOHEUHYIO JIJIMHY, HAUMHAsACh U 3aKaHIMBasiCh B OCODbIX TOUYKAX.

8. Metoa dyukiumii JIanyHoBa

UcciieioBarh yeToiuuBOCTH TPUBUAJILHOI'O PEIIEHUS] CUCTEMbI

i = —(z—2y)(1—22—3y?),
{ § = —(r+y)(1-2"-3y%). o)

Pemenue. DBynem wuckarp ¢ynknuio JlgmyHoBa B mpocTeiiliieM BHJE
V(z, y) = ax? + by?. Tpoussojnas B cuity cucrembl (16)
dV. oV oV
Fr %fl(x, y) + 8—yf2($’ y) =
= 2a:1:(—(x —2y)(1 — 2 — 3y2)) + Zby(—(:v +9)(1 - z* - 3y2)) =
= —2ax? — 2by® + 2az* + 6ax’y® 4 2b2%y® + 6by*+

+[zy(4a — 2b) — 2’y (4a — 2b) — 62y®(2a — b)].

[Tonarast @ = 1, b = 2, obparum B HyJib BbIpaxKe€HUE B KBaJIPaTHbIX CKOOKaX,
3HAK KOTOPOIro HeoipejeéH. Toria % = —2(:62 +29% — 2t — 5ar?y? — 6y4) =
= —2(1—2?—3y?)(2*+2y?) < 0 upu jrocraTouHo MaJIbIX T, y. [Ipu sToM cama
byuknus Jlanynosa V(z, y) = z? + 2y* nonoxurennuo onpejiesena. Boios-
HeHbl ycJioBusi TeopeMbl JIsynosa 06 ycroituuBoctu. TpubuajibHOE pelieHue
z =0, y =0 cucrembr (16) ycroitauso.

[TockosbKy %—‘t/ obpalraercs B HyJlb He TOJbKO B HadaJe KOODJIUHAT,
yCJI0BuUsi TeopeMbl JIsiyHOBa 00 aCUMITOTHU Y€ CKO I yCTORUMBOCTA HE

BBIIIOJIHEHDbI, 1 CAEJIaThb BbIBO/] 00 aCUMIITOTUYCCKON YCTOI7I‘II/IBOCTI/I TPpUBUAJIb-

HOI'O penieHu:d HeJIb3:I.

9. YmpaxkHeHusd M0 TEOPUM yCTONYINBOCTHU

1. Io ompe/enennio uceae0BaTh YCToOIUBOCTD 1O JISAMyHOBY perieHus 3a-
naa Korn:
a) T = g3y, #(2) =0; 0) r=x(4—1t?), (0)=0;
B)r=t—x, z(0)=1; r)2tz=2—23 z(0)=0.

]'OHepaTOpOM dfieldplot. OcrajbHbIE PUCYHKHN JAHHOTO TOCOOUS BBIMTOJIHEHBI B makere MATHEMATICA,

B KOTOPOM, K COZKaJICHHIO, HET aHaJIOTHYIHOI'O OIIepaTopa.
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2. OmpesiesuTh THII TPUBUAJBHON TOYKH TOKOSI U MOCTPOUTH (B 3ajadax

) CEMENCTBO WHTEerpaJIbHbIX KPUBLIX B ee OKpPEeCTHOCTHU JIJIgd CUCTEMbI
:v T y,; 6) z r + y,; B) x T 3y,;
= x -2y, . z =3z + 2y, . T =-2x+ vy, .
{y:—3x+2y’ ﬂ){y:x+y’ e) y= —x — 4y’
T =2r — y + 2z, T =-2r — y,
?K y =5z — 3y + 3z, ; 3) y= z — 2y,
z = - - 2z z= x + 3y — z.

3. UccneioBaTh Ha YCTONIUBOCTD 1O MEPBOMY TPUOJINKEHUIO TPUBUAIHHYTO

TOYKY IIOKOA CUCTEM:

T = 2 +5y+:v -2, 6 ¢ =-3z+ 4y +sin’z —y?, .
a) - _ ) ) yo— : Y2 Y
y = 6cosy + x y? — 6 Y 2z + siny + eVx

& = x—2siny—y3sinz, . T = 2z + 8siny, P = ln(4y+e*3’”), )

B) Y= _3334-22/—:63 ) F) § = 2—e*—3y—cosy ’ ﬂ) . 3 5
y = 2y—1++/1-6x

e) z = e*t?¥ — cos3ux,

y = V4+8x — 2eY.

4. ITocrpours (pazosblit oprper cucrem jiuddepeninajibHbIX ypaBHEHU:

=2 -y’ -5, &= (2z—y)? — 9,

a){y:$2+y2_13) 6){21:(33—2:[/)2—9

5. Metojiom dpyukiuit JIsmynoBa uccyie1oBaTh yCTOWINBOCTH TPUBUAJILHOTO
petienust cucrem JuddepeHinaibHbIX ypPaBHEHUI:

L

a){ﬁfz—wxf’,. 6) t= oy oy - g B){sz—?wﬂwy%
j=o +y7 y:—?x—2x3y—%3’ =y +2%.

10. OTBeTnl

1. a) Heycroituupo; 6) ycroitunBo; B) yCcToH4nBO; I') HEYCTOHIMBO.
a) Heycroituusblii Gpokyc;  6) nenrp;  B) ycroiiuusbiii pokyc; 1) cejyio;

1) HEYCTOWIMBLIN y3€JT; €) YCTOWIMBBINA Y3€JT; K) XapaKTePUCTUICCKOE YPaB-

nenue (X + 1)® = 0 umeer kopuu : X, ,, = —1; TouKa OKOS ACUMIITOTHYECKH
ycroituuBa; 3) A, = —1, A, , = —2 & i; TOUKa 1OKOSI ACUMITOTHYECKH YCTO-
4UBa.

3. a) Heycroituusa (A, , = 1 £+/6);  6) acumnroruueckn ycroituusa (A, , =

= —14 2i); B) meycroituuba (A, , = —1, 4); ') aCHMOTOTHYECKH YCTORIUBA

1,2

(A, = —1%\/@); J1) acumurornueckn ycroiuusa (A, , = —1%\@)’
e) neycroitausa (A, , = —3, 2).

4. a) Ocobpie Toukn A(—3; 2), B(3; —2) — céma; ocobas touka C(—3; —2)
— ycroituubiit hokyc; ocobast touka D(3; 2) — Heycroituusblii dokyc (cM.
puc.IV.6a);  6) ocobbie Toukn A(—1; 1), B(1; —1) — céiia; ocobbie TOYKH
C(3; 3), D(—3; —3) — yzunt (cM. puc. [V.60).
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Puc. IV.6. llone nanpasienunii g cucrem 4a u 40.

5.a) V = 22+ y? neycroituuso; 6) V = 222 +y?%; acuMnroTnueckn yeroiumnso;

B) V = — 1 2% + y% neycroiiuuso.

[To reopuu ycroituusocru pekomenjytorest kuuru [11], [12], [14]-[16], [19],
|21].

Asrop ormeuaer 3acsyru cryaeatoB V. Copokuna u JI. [lyTusiosa, ykazasiux psi omneda-
TOK U HETOYHOCTEH B KHUT'E U CIIOCOOCTBOBABIIUX T€M CAMbIM YLy 4HICHUIO JAHHOIO (BTOPOTO)

e€ U3TaHnd.

BaMedaHus ¥ HPeJI0KEeHHs MOZKHO IIPUCHLIATH 110 ajapecy andreas@r66.ru



Bubaumorpaduiecknii cnmcok

|1] IIpockypsikos .B. Coopruk 3ajau mo suneiinoit agredbpe / 1.B. IIpocky-
pakoB. M.: Hayka, 1967. 384 c.

2] Ukpamos X.JI. Bajaunuk 1o juneitnoit airedpe / X. 1. Ukpamos. M.: Ha-
yia, 1975. 320 c.

3] @amgees A.K. Coopuuk 3amad mo Beicmeir agrebpe /| [1.K. Damsees,
N.C. Comunckuit. M.: Hayka, 1977. 364 c.

4] Jauko IL.E. Bbicmas maremaruka B ynpaxkHenusix u 3sajadax. d.1 /
IL.LE. Janko, A.T". Ilonos, T.4. Koxesankosa. M.: Bercmr.mk., 1980. 320 c.

5] CHopruk 3aja1 Mo MaTemMaTnke jjis BTY30B. JInnejinas aaredpa u OCHOBDI
maremaruieckoro anajausa / B.A. Bosiros u jp. M.: Hayka, 1981. 464 c.

6] Beksiemuinesa JI.A. CoopHUK 3ajia4 110 AHAJIUTUIECKON IeOMeTPUM U Jik-
mejinoit agrebpe / JILA. Bexsemumiesa, A.FO. [lerposuu, U.A. YyGapos.
M.: Hayka, 1987. 496 c.

7] Kysiukos JI.4. Coopuuk 3ajau 110 ajredbpe u reopuu wuces / JI.A. Kysu-
koB, A.M1. Mockasienko, A.A. @omun. M.: [Ipocsemmenne, 1993. 288 c.

8] Llesmor I.C. Jluneitnas anrebpa / I.C. Illesnos. M.: Fapnapuku, 1999.
360 c.

9] Cenos JI.U. Beejenue B mexanuky cigiomnoit cpejbt / JL.U. Cepos. M.:
Quzmarruz, 1962. 284 c.

|10] Bagaau mo renzopHOMy amasu3y u puMaHoBoil reomerprn / M.A. Masa-

xasbleB, B.E. ®omun, B.H. [llanykos, B.B. lypoirun. Kazann: U31-B0

Kazanck. yu-ta, 1993. 160 c.

[11] Kpacuos M.JI. @yHkiun KOMILIEKCHOTO 11epeMeHHoro. Onepaiontoe uc-

aucienue. Teopus yeroiausoctu / M.JI. Kpacuos, A.U. Kucenés, [.11. Ma-

kapenko. M.: Hayka, 1971. 256 c.

[12] @uiunos A.@. Coophuk 3aja4 10 juddepeHiuaibHbIM yPaBHEHUAM /

A.®. Quyunmos. M.: Hayka, 1973. 128 c.

63



64 BUBJ/IMOI'PAOMYECKUI CIIMCOK

|13] MatBees H.M. Coopruk 3a/1a1 1 yrnpaxxKHeHuil 10 OObIKHOBEHHBIM i de-
perruaabibiv ypapuerusm / H.M. Marsees. Munck: Boimmiimast mkoua,
1977. 416 c.

[14] Kpacuos M.JI. Céophuk 3aja4 110 00bIKHOBEHHbBIM JiuDepeHiinabHbIM
ypasuerusm / M.JI. Kpacwos, A.M. Kucenés, I'I. Makaperko. M.:
Breremr.mk., 1978. 288 c.

[15] Coophuk 3ajau 110 maremaruke Jisi Bry3o8. ClenuaibHble pasjie/ibl Ma-
remaruueckoro anasusa / B.A. Bosros u jap. M.: Hayka, 1981. 368 c.
|16] Camoiinenko A.M. duddepenimaababie ypaBHEHU: TPUMEPBl U 3311
/ A.M. Cawmoitnerko, C.A. Kpusormes, H.A. Ilepectiok. M.: Beicur.mix.,

1989. 384 c.

|17] Anbcesua JILA. Ilpaktukym no auddepeHiuagbHbiM - ypaBHEHHIM /
JILA. Anbcesuu, JI.II. Yepenkosa. Munck: Bormiimmas mkosa, 1990. 320 c.

[18] Janko II.E. Boicmias maremaruka B yupaxkhenusix u sajadax. d.II /
ILE. Hauko, A.T". TTonos, T.A. Koxesuukona. M.: Beicur.imk., 1999. 416 c.

|19] Bosipuyk A.K. Cupasounoe nocobue 1o Boictieit matemaruke. T.5: Tudde-
peHIaJbHble ypaBHeHus B mpuMepax u 3ajadax /| A.K. Bogpuyk, I'I1. [o-
jgoad. M.: Duropuan YPCC, 2001. 384 c.

[20] Benkos A.B. Jluneiinas ajaredbpa u TeH3opHoe ucHucjeHue: Y UeOHUK Jijist
cryseHToB usndeckux crermaiabaoctein /| A.B. Benkos. ExarepunOypr:
Uzn-Bo Ypadi. roc. Texu. yu-ta, 2006. 96 c.

[21] Benkos A.B. Cucremb jiuddeperinaibibix yPaBHEHUHA 1 9JIEMEHTHI TEO-
puun ycroituuBocTu: Y U4eOHUK Jijist CTYJIEHTOB (PUBUUECKUX ClIelnaIbHOCTEeH
/ A.B. Benkos. ExarepunOypr: Uzn-Bo Ypas. roc. rexu. yu-ta, 2006. 54 c.

22| Topsiaerko B.Jl. Dmementsr teopun kosebanuit /| B.Jl. Topsuenko. M.:
Boicirik., 2001. 402 c.



OryiaBJjieHne

[nasa . JIMHEVHAS AJITEBPA

L.

e T A I

e N e T = T e T = S
ISR el I

Jluneiinass 3aBUCUMOCTD BEKTOPOB. |
JIuneitnas 3aBucumoctsb BekTopos. 11
Paunr cucrembl BekTopos. |
Panr cucremsl BekTopos. 11
CyMMa ¥ nepecedenie moJIIpoCTPAHCTB
Marpuiia nepexojia. I
Matpuna nepexoja. 11
Matpuna oneparopa. I
Marpuiia oneparopa. 11
[Ipoussejienne oneparopon
Oproronamusanusg mo ['pamy-IIvmuary
Matpuria conpsizKEHHOrO OrepaTopa
JIuneitnas gpopma
Bunneitnas popma
KpuBasg BTOporo mopsijika

3ajlaHus 110 JUHEeHOo# ajredbpe

['masa II. TEH30OPHOE NCHYUCJ/IEHUE

1.

© X NS e W

10.

Jluneitnasi KoMOMHAIMST TEH30POB
Tenzopuoe npoussejenue. |
Tenzopnoe npoussesenue. 11
CkaJjisipHOe IIpOU3BEJICHHE

CummeTpusi TeH30POB

CumMerpupoBaHue U ajbTepHUPOBaHue. |
CumMmerpupoBaHnue u ajbrepHupoBanue. I

CummerpupoBanue u ajbrepaupoBanue. 111

Tenzopbl B €BKJIMJIOBOM 1pocTpaHcTie. |

Tenzopnl B €BKJINI0BOM IpocTpaHcTBe. 11

65

© © 0 1 I O = = W W w w

I S T e T
w N = = O

32
32
32
32
33
34
35
35
35
36
38



66

11.
12.
13.
14.
15.
16.
17.
18.

OrtaBienue

[IIapoBoit TeH30p U JEeBUATOD

Tenzophasi 110OBEPXHOCTD

uBapuanrbl TeH30pa,

IIceBnoTeH30pEI

Tenzop JleBu-YuBuTor

HyajibHblit BEKTOP

YiipaKHEHUs 110 TEH30PHOMY HCUUCJIEHUTO

OTBeTbl

[nasa III. CUCTEMBI IVMOOEPEHIINAJILHBIX YPABHEHNN

1.

NSOk N

Ob611ee perieHne CuCTeMbl

Metro, nckoueHns

Metoy uHTErpUpyeMbIX KOMOUHAIIHI

JIuneiinass oIHOPO/IHAs CHCTEMa C MOCTOSTHHBIMU KO3 puimenTaMu
JIuneitnasi HeOIHOPOJIHAS CUCTEMA C ITOCTOSTHHBbIMU KO3 DUlimeHTamm
YipaxkHenus 110 cucremam juddepeHiuaibibiX ypaBHEHU

OTrBeTnl

[nasa IV. SJIEMEHTBI TEOPUU YCTONYUBOCTU

L.

NS Ok LN

=

9.

10.

Omnpejiesienre yCcTORIUBOCTU 1O JIATyHOBY

[Tpocreitiiiue Tuiibl TOYEK 1MOKOs. Y3ei

[Ipocreiimue Tunbr Touek nokosi. Cejiio

[Ipocreiimue Tumbl Touek mokosi. Pokyc

IIpocreiimue Tunbl Todek mnokod. LleaTp

[Tpocreiiiiine Tuiibl ToYEK 1M0KOst. BhIpoxKjieHHbIH y3e)1

UcciiejioBanue Ha ycTofuMBOCTH 110 11€PBOMY TPUDJIMIKEHUIO.
Da30BbIil MOPTPET CHCTEMBI

Meroj dpyukiuit Jlsmnynosa

YilpaKHEHUsi 110 TeOPUK yCTONIMBOCTU

OTBeTbl

Bubinorpaduieckuit crmcox

38
38
39
41
41
42
42
44

93
93
53
54
o4
99
56

o6
60
60
61

63



Yuebnoe uszdanue

SEHKOB Andpeti Bauecaasosuy

JINMHENHASA AJITEBPA C IIPMJIOXKEHU AMNI

PykoBoacTBO K peliieHUIo 3aaa4

Opurunas-maxer: A.B. Senkos

U Ne 06263 or 12.11.2001 .

[Homnucano B neyars 24.02.2005 Dopmar 60 x 84 1/16
Bywmara tunorpadckas Odcernasg medarnb Yea. ned. 1. 3,9
Ya.-uza. . 3,0 Tupazx 3aka3 [Hena "C"

Penaxkunonno-usnarensckuit ornesr I'OY BITIO YI'TY-VIIN
620002 Exarepundypr, yji. Mupa, 19

Pusorpacdua HIY I'OY BIIO YI'TV-VIIN
620002 Exarepunoypr, y;i1. Mupa, 19



JUHEWHAA AJTEBPA C NPUJNOXEHUAMHU

NUWHEWHAA AANTEBPA
c TPUNOKEHUAMMU

PYKOBOACTBO K PELLEHUIO 3AAAH

JUHEWHASA AJTEBPA C NPUJNOXEHUAMHU




	обложка
	титульный лист
	оборот титульного листа
	текст
	обложка задняя


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


